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Preface 
Hundreds or even thousands of international legal instruments on "the environment" 
are legally in force. What happens to international environmental agreements once they 
are signed, and how does the implementation of such agreements influence their 
effectiveness? These are the questions that motivate the IIASA project "Implementation 
and Effectiveness of International Environmental Commitments (IEC)." Research teams 
are examining these questions from many angles and with many methods. 
In this paper, Juan Carlos di Primio examines the data reporting system of the Long 
Range Transboundary Air Pollution (LRTAP) Convention and a related system in the 
European Union. These systems are widely seen as among the most successful for 
gathering, exchanging and improving the accuracy of reported data. Di Primio explores 
the ways that the system has been implemented, its relationship to the substantive 
commitments of the LRTAP regime, and lessons that apply to making other data 
reporting systems more effective. 
This is one of several IEC case studies that examine the operation and effectiveness 
of mechanisms for reviewing implementation of international agreements. The backbone 
of implementation review mechanisms (IRMs) is the accurate reporting of data, without 
which it would be difficult or impossible to identify and manage problems of non- 
compliance. Yet few agreements have active and effective data reporting systems. The 
present study contributes to IEC's efforts to understand what types of effective data 
systems are possible. 
Table of Contents 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . Introduction 1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I1 Case Study: The LRTAP Regime 5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . Overview 5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.1. Introduction 5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.2. Institutional Structure 7 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.3. Commitments 9 
. . . . . . . . . . . . . . .  1.3.1. Commitments Under the Framework Convention 10 
. . . . . . . . . . . . . . . . . . . . . . . .  1.3.2. Commitments Under the Protocols 10 
. . . . . . . .  1.3.3. Obligations Stemming from Decisions of the Executive Body 11 
. . . . . . . . . . . . . . . . . . . . . . . .  2 . Data on Implementation: The Role of EMEP 13 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.1. Emissions 14 
. . . . . . . . . . . . . .  2.1.1. Methodologies for Compiling Emission Inventories 14 
. . . . . . . . . . . . . . . . . . . . . . . . .  2.1.1.1. The CORINAIR Methodology 16 
. . . . . . . . . . . . . . . . . . .  2.1.1.2. The Task Force on Emission Inventories 17 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.1.2. Analysis of Emission Data 18 
. . . . . . . . . . . . . . . . . . . . .  2.2. Measurements of Air and Precipitation Quality 22 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.2.1. Measurement Program 23 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.2.2. Quality Assurance 24 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.2.3. Measurement Data 26 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.2.3.1. Trend Analysis 27 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.2.3.2. Sector Analysis 28 
. . . . . . . . . . . . . . . . . . . . . . . .  2.3. Modelling the Transport of Air Pollutants 29 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.3.1. Model Description 29 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.3.1.1. Model Inputs 31 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.3.1.2. Model Outputs 32 
2.3.2. Comparison of Model Results with Measurements . . . . . . . . . . . . . . .  32 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . Verification of Compliance 36 
3.1. Definitions and Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 
3.2. TFEI's Proposals on Verification of Emission Inventories . . . . . . . . . . .  40 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 . Discussion and Conclusions 42 
4.1. Are the Current IRMs Useful Tools to Verify Compliance? . . . . . . . . . .  42 
4.2. Evolutionary Trends of the LRTAP Regime and Its IRMs . . . . . . . . . . .  46 
4.3. Lessons Learned and Their Applicability to Other Cases . . . . . . . . . . . .  47 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  References 49 
Executive Summary 
Most international environmental agreements have procedures to review domestic 
implementation, which we have collectively named Implementation Review Mechanisms 
(IRMs). The main source of information for IRMs are the data provided by parties' self- 
reporting. These data are rarely, when at all, evaluated as of completeness, quality and 
reliability. 
The main hypothesis that orientates the study is that IRMs are established to satisfy the 
desire of parties to know whether other have fulfilled -and continue to do so- the 
commitments incurred under the agreements. That is, IRMs respond to an implicit 
demand for verification of compliance. In general, no information additional to that 
delivered by the parties is collected by independent monitoring. Even when additional 
information exists, the questions arise whether all the data available are used in the 
review process, and whether that information would be sufficient to check upon 
compliance. 
To examine the issue, data production, evaluation and use in the 1979 Convention on 
Long-range Transboundary Air Pollution (LRTAP) are analyzed in some detail. 
LRTAP is a framework convention where commitments, targets and deadlines for air 
pollution abatement are spelled out in protocols. An important feature of this regime is 
that additional data to that reported by the parties is produced by the European 
Monitoring and Evaluation Programme (EMEP), which forms an integral part of 
LRTAP's structure. 
EMEP consists of three centers that compile and evaluate the emission data reported by 
parties. Those centers also coordinate chemical analyses of pollutant concentrations in air 
and precipitation performed at national laboratories, carry out the modeling of long-range 
transport and assess results. In particular: 
1 .  Emission data. The evaluation of time-series of emissions officially reported is at 
the basis of EMEP's efforts to improve data reliability through the development of a 
single methodology for emission inventorying, and the design of an approach to validate 
the inventories. Due to this approach, data transparency, completeness and reliability have 
steadily increased. 
2. Measurement program. The quality assurance program of EMEP's Chemical 
Coordinating Center is in charge of critically assessing and enhancing raw national data 
on pollutant concentrations in air and precipitation. 
3. Modeling. The models developed and run at two EMEP's Meteorological Centers 
address the long-range transport of air pollutants in Europe. Trajectories of air masses 
containing primary pollutants and their chemical transformation products, interacting with 
emission sources and dry and wet deposition, are followed from sources to receptor sites. 
Model inputs are emissions of sulphur and nitrogen compounds, and meteorological data. 
One model output is the geographical distribution of air concentrations and depositions on 
the ground at points in the European EMEP grid, including sampling station sites. In 
addition, deposition matrices show the estimated exchange of acidifying pollution between 
countries. 
4. Correlations. Comparison between measurements of depositions with emissions 
and with model calculations allow assessing the impact of abatement programs, at the 
same time provide information on the role of input factors and model design on model 
performance. 
Verification of compliance involves performing an independent check of the veracity of a 
national declaration. Two main institutional conditions need to be met to guarantee the 
independence and effectiveness of a verification system: it should be embedded in the 
international domain of the treaty and empowered to install and operate its own 
monitoring and evaluation program. 
Discussion and Conclusions. The main elements of the LRTAP IRMs are: i) reporting 
obligations: ii) national reports on emissions, abatement policies and strategies, including 
the data used to estimate inventories; iii) results of EMEP activities on data gathering 
(emissions, measurements), collation and quality assurance, and the modeling of long- 
range transport of air pollution; iv) the annual and 4-year major reviews on the state of 
air pollution in Europe prepared by the Secretariat; v) the implementation review by the 
Executive Body at its annual meetings. 
The evolution of the LRTAP IRMs has been fostered by the parties' interest to know 
more about the fulfillment of obligations. National declarations and EMEP activities 
provide the data used by the LRTAP IRMs to follow and review domestic 
implementation. 
Are that data enough to verifi compliance? There are two aspects to this question: 1.- 
Are the available data sufficient for verification purposes? 2.- Is the extant institutional 
setup appropriate? 
1.- The analysis of the technical components of the data collection and assessment 
system shows: 
i) A large ongoing effort to improve the completeness, transparency and reliability 
of emission estimations has been the basis of the current development of a common 
methodology. From the existing databases it transpires that parties to the protocols have 
met their commitments on sulphur and nitrogen. However, although a single methodology 
would increase consistency of the data set m.d allow comparative analyses of emissions 
within and among countries, it doesn't necessarily improve the chance of verifying 
compliance. Since verification is always ex post facto, there is no way to be sure that the 
reported data are trustworthy, short of continuous measurement of all sources. 
ii) The measurement program of chemical species in air and precipitation provides 
useful information for verification purposes. In spite of a number of reasons that led to 
discard part of the data for studies on deposition trends and comparison with model 
results, statistical analyses of seasonal and annual averages have shown clear qualitative 
trends (e.g., a slow, long-term decrease of acidity in precipitation) in line with those 
stemming from emission time-series evaluation. 
iii) Annual averages of model results have increasingly shown a reasonable 
agreement with observations. Main origins for differences between calculated and 
observed seasonal and annual means are model formulation, and the authenticity of both 
emission and measurement data. The routine model is able to reproduce the general 
features of the phenomena. As a consequence, the deposition country-allocation matrices 
are accepted by the parties to consider abatement goals; in addition, sensitivity runs are 
appropriate to study the effect of changes in emission rates, an useful instrument for 
verification purposes. 
2.- The institutional conditions are not completely satisfied by the LRTAP IRMs: 
although enjoying international standing, EMEP's centers are national laboratories. And 
no truly international monitoring system -i.e., one that may use national installations and 
capabilities but has also independent surveillance and evaluation means- has been 
installed. 
The data supporting the LRTAP IRMs are necessary bur nor suficient to handle 
verification of compliance, additional information as well as procedures will be required 
if the parties want to establish a verification system. This entails the need to take new 
steps, some technical (gathering more data to perform independent checks, developlnent 
of methods and instrumentation) and some institutional (change of structure). 
Some aspects of a verification system are envisaged in the 1994 Sulphur Protocol. 
Notably, an Implementation Committee and non-compliance procedures are being 
established to ensure that a forum exists where compliance problems can be handled. This 
Protocol is more stringent that its predecessors, compliance problems are more likely to 
erise. 
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I. Introduction 
A side-effect of the extraordinary expansion of human activities during the current century 
in the wake of accelerated industrialization and global population growth is the increasing 
deterioration of the environment, basically stemming from the combustion of fossil fuels for 
transportation and energy generation -the main sources of atmospheric pollution with gaseous 
and particulate emissions- and also from a number of industrial processes, agricultural 
practices, and the disposal and handling of various categories of waste from a myriad of 
sources. Many nations, in particulai those that are highly industrialized, have taken steps to 
reduce or eliminate anthropogenic pollution and increasingly proceeded to protect natural 
resources and endangered species. National environmental policies have been formulated, 
strategies designed for implementing corrective measures, legislation passed and enforced. In 
the course of time, however, i t  became apparent that national responses are at times 
insufficient to reduce the stress on the environment, and that international cooperation and 
coordination are required to attain national goals. "It is by now a truism, but also true, that 
many forms of pollution do not stop at frontiers" [Brenton 19941. 
A number of international environmental agreements have come into force during the last 
decades, addressing ways and means to collectively manage the utilization of natural resources 
and the implementation of policies to combat an environmental pollution of increasing 
complexity and dimensions, with deleterious effects on the quality of air, land and water. 
Responses to local deterioration of environmental quality are in the hands of domestic 
authorities (at the national, state, county and municipal levels), which can be empowered by 
legislation to establish limits to pollution and enforce compliance. The implementation of 
measures resulting from policies and strategies agreed upon by states to deal with 
transboundary environmental problems -the subject of many international environmental 
agreements- cannot be dealt with equally. Clearly, once any such agreement is in force, its 
objectives, goals and targets constitute commitments that the parties have accepted to fulfill. 
However, with no supranational authority to enforce the parties' domestic implementation, the 
proof of compliance becomes a quite involved and sensitive issue. 
Ideally, domestic implementation should start as soon as an international environmental 
agreement comes into force: in practice delays occur, often for long periods of time. In the 
majority of cases, treaty provisions require: i) that the parties keep each other informed about 
the progress of implementation, exchanging information by means of national reports issued 
at regular intervals; and ii) that these national reports be evaluated in an appropriate body 
where the parties review each other's performance using procedures which may be 
collectively referred to as Implementation Review Mechanisms (IRMs)' [see Victor et al. 
19941. The approach generally adopted by parties to international environmental agreements 
to review national implementation is simply to take notice of self-reported progress in the 
occasion of regular or special meetings. The assessment is generally done in a non- 
confrontational, cooperative fashion, where the question of credibility of information 
essentially stemming from self-reporting is carefully avoided. The apparent aim of the process 
is to increase the homogeneity and transparency of the reports, and eventually ensure that a 
reasonable completeness of information is achieved, especially when it has been compiled 
using a common methodology. As a result of such exercise, a better understanding of national 
capabilities for, and international trends of, implementation can be expected. But in general 
the IRMs of most international environmental agreements stop short of addressing questions 
of verification of compliance (Fischer 199 1 ,  USGAO 1992, Ausubel and Victor 1 992)2. 
In the field of arms control, where national security is at stake and international agreements 
become dead letter when the capacity to closely follow implementation is lost or even 
weakened, IRMs can be basically equated to procedures for verifying compliance3. In the 
case of international environmental agreements it may appear, at first sight, that non- 
compliance is not a grave transgression but rather a misdemeanor, and so a rigorous 
surveillance of the parties' actions (and inactions) is not required. However, since 
1 In this paper, only review mechanisms used in an international set-up to follow and 
assess the parties implementation are dealt with, i.e., international IRMs. However, a number 
of similar procedures are often employed at the national level by the institutions i n  charge of 
producing, compiling and assessing the national data that will be incorporated into the 
implementation reports. The corresponding activities constitute national IRMs, which may 
be more detailed and intrusive than their international counterparts. In general, the link 
between national and international IRMs is provided by the treaty's reporting system, unless 
specific provisions exist in the agreement to institutionalize the verification of compliance. 
2 ~ h i s  situation is changing. The 1987 Montreal Protocol on Substances that Deplete the 
Ozone Layer requires the development of procedures and institutional mechanisms to address 
non-compliance, which were agreed upon at the parties 1992 fourth meeting [Sztll 19951. The 
1991 LRTAP VOC Protocol (not yet in force) determines that "the parties shall establish a 
mechanism for monitoring compliance" (Art. 3.3). The 1994 Protocol to the LRTAP 
Convention on Further Reduction of Sulphur Emissions (not yet in force) creates an 
Implementation Committee (Art. 7) "to review the implementation of the present Protocol and 
compliance of the parties with their obligations". 
'verification of compliance is understood herein as an international, independent check 
of the parties's fulfillment of obligations incurred under international law. 
environmental damage moves often at a slow pace, with unexpected and, in general, not well 
understood consequences in the long run, the above interpretation may not reflect the views 
of many parties. 
At this point it seems pertinent to ask: why do most international environmental agreements 
incorporate IRMs? This recurrence suggests that the requirement reflects the parties' desire 
to know whether others have complied, and continue to comply, with the commitments 
incurred under the agreement4. It follows that the design, application and evolution of IRMs 
respond to an implicit demand for verifying compliance. 
The demand for verification is related to the reasons that move a state to join an agreement. 
In the context of a nation's assessment of its international affairs, such demand may have low 
priority throughout, or the initial priority may decline in the course of times. This will 
influence the design and implementation of the corresponding IRMs, which consequently may 
be under-developed andor under-used. 
In general, the data on implementation contained in national reports are often summaries 
condensing a wealth of information collected by each party. However, not much transpires 
from them about data completeness and reliability. 
National reports may be compiled using formats that basically respond to the purpose of 
collecting the information in the first place, i.e., national interests and requirements. In this 
case, they will usually differ in coverage and degree of detail, and thus be hardly comparable 
with each other, so that an appropriate overview of a treaty's implementation may become 
impossible. Alternatively, the reports may be drafted in conformity with agreed guidelines, 
not only establishing a common format for reporting but also defining the minimum amount 
of information to be delivered, so that it would become viable to keep track of the 
formulation and evolution of national policies and action plans, as well as of the steps taken 
to implement them: this approach favors transparency and comparability. Some of the most 
recent international environmental agreements give special attention to the early development 
of common methodologies for the production of data, as well as guidelines for reporting. 
4 As in the field of arms control, national interests are here also at play. This is to be 
expected since environmental deterioration andor change may have serious -albeit 
internationally skewed- effects on the political economy of nations. 
"here are many situations to consider. For example, states may have been "persuaded" 
to join a regime; or, the operation of the regime has shown unexpected drawbacks for most 
parties, or for a few powerful. 
National activities for the protection and preservation of the environment are supported at 
home by different infrastructures for monitoring6 the main parameters characterizing the 
problem in hand. Since this is costly in materials and manpower, rich nations are generally 
in a much better position than poor countries to identify the problems and assess effects, 
including those of mitigation and abatement measures. That is, a substantial difference exists 
among nations with regard to their capabilities for detecting issue-areas and following the 
effects of implementing policies. Irrespective of the adoption of common methodologies and 
guidelines, this situation affects the completeness and quality of some national reports, and 
hence the usefulness of the whole set. 
While domestic as well as international activities to produce and evaluate data are not the 
only elements of IRMs, the efficacy of IRMs fundamentally depends on the completeness and 
reliability of the information at their disposal: the backbone of IRMs is data. 
In this context, the question arises: to what degree are the data of extant IRMs of 
interizational environmental agreements sufficient to provide information on the fulfillment of 
obligations by the parties? 
The answer will hopefully stem from a detailed consideration of selected cases. An 
appropriate start for such analysis would be provided by one case for which: i) the issue-area 
is such that many kinds of information must be gathered, collated, compiled, evaluated and 
stored -this will favor the analysis of the role played by data; ii) the agreement has been in 
force for a reasonably large number of parties during a reasonably long period of time -this 
will allow a look into evolutionary trends. Following these guidelines, the International 
Convention on Long-range Transboundary Air Pollution (LRTAP) was chosen as an 
appropriate candidate for study. 
Widely regarded as a success, the approach of the LRTAP Convention to review 
implementation provides an end point, perhaps a model, for the design of data systems 
elsewhere. In practice, it has been closely interlinked with data systems development in the 
European Union, which will be considered here where relevant. 
That is, following up changes by systematic periodic or continuous quantitative 
surveillance. "The idea of monitoring ... implies an active, continuing, and institutionalized 
collection and analysis of time-series data to assess the current condition and trends of key 
variables. In the case of environmental monitoring, these key variables would be ecological, 
biological, chemical, physical, or socioeconomic" [Rodenburg 19921. [See also Ausubel and 
Victor 19921. 
11. Case Study: The LRTAP Regime 
1. Overview 
1.1. Introduction 
Many scholars, natural and social scientists as well as practitioners, have dealt with a variety 
of aspects of the LRTAP regime during the last t w ~  decades. On the one hand, an abundant 
scientific-technical literature has grown from initial efforts to understand the origin of acid 
rain, its environmental impacts, and the techno-economic requirements and opportunities for 
abatement and control. A number of these studies have been sponsored by, or conducted at, 
LRTAP-associated laboratories and institutes. Progress in knowledge contributed to the 
processes of policy formulation and implementation reviewing, which in turn provided the 
thrust to investigate key scientific and technological issues. This synergism sped up the 
extension of research and policy-making beyond acid rain, in line with the spirit and letter 
of the Convention. 
On the other hand, political scientists and international lawyers have looked into aspects of 
international institutions and domestic implementation to assess the influence of the 
Convention on policy-making and the attainment of established goals [for recent appraisals 
see Wettestad and Andresen 1991, Wiister 1992, Levy 1993 and 1995, Wettestad 19961. 
The main focus in what follows is on the interrelationship between the scientific-technical and 
the policy formulation and implementation activities; in particular, on the information 
provided by the former to follow domestic implementation. 
The acidification of rain was known long before negotiations concluded with the adoption of 
the LRTAP Convention [for a historical overview see, for example, Wetstone 19871. In 
Europe, the first measurements of chemical composition in precipitation were done in  1947 
at a Swedish network of stations [EgnCr et al. 19551. That network was extended to other 
European countries during the 1950s, when nearly 100 stations were installed and coordinated 
by the Institute of Meteorology at the University of Stockholm. At the beginning of the 
1960s, it was observed that precipitation at many of these stations became more acid. In a 
pioneering paper, OdCn showed that acid precipitation in Scandinavia was expanding year 
after year [OdCn 19681, a fact that he attributed to sulphur emissions transported from remote 
sources. The findings were reported to international fora: in 1969 to the Air Management 
Sector Group of the Organization for Economic Co-operation and Development (OECD), and 
in 1972 at the Stockholm Conference on the Environment, which identified long-range 
transboundary air pollution as a problem requiring urgent consideration in industrialized 
countries. By the early 1980s, the problem of forest damage and decline in  central Europe 
was at first ascribed to air pollution and became an issue of public and governmental concern. 
The first scientific in-depth study of causes and effects of regional acidification started in 
1972 as the OECD Council launched the "Co-operative Technical Programme to Measure the 
Long Range Transport of Air Pollutants" with the participation of eleven OECD European 
Member Countries. 
The OECD study is of special interest because it established the approach that was later to 
be followed and extended under the LRTAP Convention. Its objective was "to determine the 
relative importance of local and distant sources of sulphur compounds in terms of their 
contribution to the air pollution over a region, special attention being paid to the question of 
acidity in atmospheric precipitations" [OECD 19721. If required, other substances could be 
included in the program at a later stage. Coordination responsibilities for measurements and 
analysis of data were assigned to the Norwegian Institute for Air Research (NILU), appointed 
as the Central Co-ordinating Unit (CCU). 
The OECD program contributed to the creation of an European scientific-technical 
infrastructure "to determine the large scale regional pattern of transport of air pollutants: (to 
that end) information is required on the relation between emissions, meteorological data and 
concentration of air pollutants". It was then decided "to work out an emission survey based 
on information from the participating countries and to establish a number of representative 
ground level stations in each of them. Information on the vertical distribution of sulphur 
compounds should be obtained through aircraft sampling. The interpretation of the data was 
to be based on atmospheric dispersion models" [OECD 19791. 
The first measurement phase of the OECD program began in July 1972. By the beginning of 
1973, all ground stations were in operation. During this period, the CCU developed 
atmospheric dispersion models "which could describe the long range transport of the air 
pollutants with sufficient accuracy for a comparison with the observed data". Although 
measurements under phase I were not completed until January 1974, an evaluation of 
available results was done in September 1973. It showed that the "long-range transport of air 
pollutants was of considerable importance in the acidification of precipitation", a finding that 
prompted phase I1 in the period January 1974 - March 1975, thus allowing for the 
continuation of measurements throughout the winter season. This provided "the data needed 
for a first quantitative estimate of the long-range transport of sulphur oxides and their relation 
to the acidification of precipitation" [OECD 19791. The OECD Programme showed that an 
extensive exchange of air pollution takes place between all the European countries, and that 
about 20 % leaves the area [Ottar 19781. 
1.2. Institutional Structure 
After extensive negotiations within the framework of the United Nations Economic 
Commission for Europe (UNlECE) the Convention on the Long-range Transboundary Air 
Pollution (LRTAP) was adopted in Geneva on 13 November 1979 and entered into force on 
16 March 1983; as of 31 May 1995 it had a membership of 39 parties, including the 
European union7. 
Figure 1 shows LRTAP's current organization chart. 'The Executive Body (EB), constituted 
within the framework of the UNECE's Senior Advisers on Environmental Problems, yet 
formally independent of the UNECE, is the supreme decision-making assembly. Formed by 
representatives of all contracting parties, the Executive Body meets at least once a year to 
review the implementation of the Convention and to adopt the work-plan. Between sessions, 
the EB Bureau, consisting of the EB chairman and four vicechairmen, deals with matters 
requiring interim attention. The functions of Secretariat have been assigned to the UNECE 
Air Pollution Section, Environment and Human Settlements Division. 
A number of expert groups have been created to help put the work-plan into practice: i)  
Intergovernnzental Working Gro~ips (WGs), established by the EB as standing subsidiary 
bodies open to all parties, including the EMEP Steering Body and at present three further 
WGs, namely on Effects, on Strategies and on Technology. Five International Cooperative 
Progranznzes (ICP) are currently active under the Working Group on Effects; ii) 
Intergovernmental Task Forces (TF), generally under the WGs, either formed ad hoc to 
furnish a specific report, or to supervise a continuing cooperative program. Responsibility for 
each ICP and TF  rests with a designated lead country. 
While the LRTAP Convention provided the framework to establish targets for air pollutant 
emission control in protocols, it required an appropriate agency to collect information on 
implementation. To that end the "Co-operative Programme for Monitoring and 
Evaluation of Air Pollutants in Europe" (EMEP) was incorporated as a principal institution 
7~conomic Commission for Europe. 1995. Strategies and Policies for Air Pollution 
Abatement - 1994 Major Review. ECEEB.AIRl44. 
of the Convention. 
EMEP was established in 1977 as a monitoring and research program of air pollutants in 
Europe under the auspices of UN/ECE in cooperation with the World Meteorological 
Organization (WMO) and the United Nations Environment Programme (UNEP) within the 
context of the inter-agency Global Environmental Monitoring System (GEMS) [Gosovic 1992, 
Dovland 1993, Sand 19961. EMEP's funding was at first based on voluntary contributions. 
The main objective of EMEP is to provide governments with information on the deposition 
and concentration of air pollutants, as well as on the quantity and significance of their fluxes 
across national boundaries. EMEP is managed by the Steering Body, under which three 
Centers are established: the Chemical Co-ordinating Centre (CCC) at the Norwegian Institute 
for Air Research (NILU), responsible for the co-ordination of the chemical measurement 
program, data quality assurance, management and storage; the Meteorological Synthesizing 
Centre-West (MSC-W) at the Norwegian Meteorological Institute (DNMI) in Oslo and the 
Meteorological Synthesizing Centre-East (MSC-E) at the Institute for Applied Geophysics in 
Moscow, are in charge of modeling the transport and deposition of pollutants. In 1991, a Task 
Force on Emission Inventories was formed; it works directly under EMEP's Steering Body 
[Figure 21. 
The first Protocol to LRTAP provided for funding of EMEP. The 1984 Protocol on Long- 
term Financing of the Co-operative Programme for Monitoring and Evaluation of the 
Long-range Transmission of Air Pollutants in Europe (EMEP)8 commits parties to 
mandatory annual contributions to the budget prepared by EMEP's Steering Body and 
approved by the Executive Body. 
Subsequent Protocols have established targets and deadlines to implement abatement measures 
concerning the main pollutants, namely sulphur dioxide (SO,), nitrogen oxides (NO,) and 
volatile organic compounds (VOCs), as well as the parties' specific reporting obligations. 
The Protocol on the Reduction of Sulphur Emissions or Their Transboundary Fluxes by 
at least 30 percent9 committed parties to "reduce their national annual sulphur emissions or 
their transboundary fluxes by at least 30 per cent as soon as possible and at the latest by 
1993, using 1980 levels as the basis for calculation of reductions" (Art.2). It has recently been 
8 ~ d o p t e d  in Geneva on 28 September 1984, entered into force on 28 January 1988. As 
of 31 May 1995 it had 35 Parties, including the European Union. 
9 Adopted in Helsinki on 8 July 1985, entered into force on September 2, 1987. As of 3 1 
May 1995 it had 2 1 parties. 
succeeded by the Protocol on Further Reduction of Sulphur Emissions [ECE/EB.AIR/40], 
adopted in Oslo on 14 June 1994. It sets the parties' emission reduction obligations so that 
"depositions of oxidized sulphur compounds in the long term do not exceed critical loads for 
sulphur, given ... as critical sulphur depositions, in accordance with present scientific 
knowledge" (Art. 2). This reformulation of the parties' commitments with respect to the 
original Protocol introduces reductions that are guided by a scientific assessment of pollution 
effects, thus replacing the rather arbitrary selection of a flat-rate cut. As of 3 1 May 1995 the 
new SO, Protocol had been signed by 28 parties; i t  will enter into force when 16 parties have 
deposited with the UN Secretary-General their instruments of ratification, acceptance, 
approval or accession. 
The Protocol Concerning the Control of Emissions of Nitrogen Oxides or Their 
Transboundary Fluxeslo committed parties to a freeze of national annual emissions of 
nitrogen oxides or their transboundary fluxes at 1987 levels by the end of 1994. Consideration 
of a new version of the NO, Protocol, to be based on the critical loads concept, is currently 
in progress. 
The Protocol Concerning the Control of Emissions of Volatile Organic Compounds or 
Their Transboundary Fluxes, adopted in Geneva on 18 November 199 1, is not yet in force. 
It proposes the reduction of VOC emissions in order to diminish the formation and fluxes of 
secondary photochemical oxidant products. 
1.3. Commitments 
The LRTAP Convention is a framework agreement establishing general principles, objectives 
and recommendations for behavior in order to achieve the general goal of air pollution 
abatement, while its Protocols establish definite commitments for action, including targets and 
deadlines. In addition, a number of clarifications regarding obligations have resulted from 
decisions taken by the Executive Body in relation to the annual work-plan, the most important 
concerning reporting duties. 
''Adopted in Sofia on 31 October 1988, entered into force on 14 February 1991. As of 
31 May 1995 it counted with 25 parties. 
1.3.1. Commitments Under the Framework Convention 
Parties to the Convention shall: 
==> endeavor to limit and, as far as possible, gradually reduce and prevent air pollution, 
including long-range transboundary pollution (Art. 2); 
==> by means of exchanges of information, consultation, research and monitoring, develop 
the best policies and strategies -including air quality management systems- to combat the 
discharge of air pollutants (Art. 3 and 6); 
==> exchange information on, and review national policies, scientific activities and technical 
measures aimed at combatting the discharge of air pollutants (Articles 4 and 8); 
==> initiate and cooperate in research and development in the field of air pollution control 
technologies (Article 7); 
==> promote implementation of the "Co-operative Programme for the Monitoring and 
Evaluation of the Long-range Transmission of Air Pollution in Europe" (EMEP). 
Periodical information exchanges among Parties are required under Article 8 concerning: 
emissions of air pollutants from grid units of agreed size or on the fluxes of agreed air 
pollutants across national borders; major changes in national policies; control technologies and 
their potential impact; projected costs of emission control; meteorological, physico-chemical 
and biological data relating to the processes of transport and to the extent of damage. 
The Convention does not include reduction targets of pollutant emissions nor provisions on 
reporting obligations by the parties. 
1.3.2. Commitments Under the Protocols 
The SO, Protocol established a reduction of national annual sulphur emissions or their 
transboundary fluxes by at least 30% below the 1980 national emission rate, as soon as 
possible and at the latest by 1993 (Art. 2); the parties shall study the need for further 
reductions (Art. 3) and report to the Executive Body on: i) their annual sulphur emissions and 
the basis upon which they have been calculated (Art. 4), and ii) their national programs, 
policies and strategies to reduce sulphur emissions or their transboundary fluxes (Art. 6). 
The 1994 SO, Protocol currently in process of ratification calls for further, at times quite 
substantial, reductions, with ceilings (quantified in Annex 11) by 2000-2010 determined on the 
basis of critical loads for sulphur; the parties shall apply specified emission limit values to 
all major new stationary combustion sources; a deadline is established to extend the 
application of such limits to existing similar sources with a thermal input above 500 MWth 
(Art. 2). The parties shall report to the Executive Body, in particular on: i) the implementation 
of national strategies and policies; ii) national annual sulphur emissions, including emission 
data for all relevant source categories (Art. 5). EMEP, in turn, shall "in good time before the 
annual session of the Executive Body" provide information on ambient concentrations and 
deposition of oxidized sulphur compounds, as well as calculations of sulphur budgets. 
The NO, Protocol calls for emission control andlor reduction of nitrogen oxides or their 
transboundary fluxes, at the latest by the end of 1994, so that these do not exceed their 
respective levels in 1987. In addition the parties shall take control measures of emissions by 
major stationary sources and apply emission standards to new mobile sources (Art. 2). 
Reporting on annual national emissions of nitrogen oxides, as well as on the progress in the 
application of emission standards and pollution control measures is required under Art. 8. This 
article also determines that the parties shall report "progress in  establishing critical loads", an 
approach also adopted during current negotiations of a new NO, Protocol. 
The VOC Protocol establishes reductions of VOC emissions by at least 30% by the year 
1999, using 1988 levels as reference. 
1.3.3. Obligations Stemming from Decisions of the Executive Body 
Important within the context of this study are obligations concerning data reporting. Under 
the auspices of EMEP, guidelines for reporting have been prepared and recommendations 
issued periodically concerning the extent and frequency of national reports containing 
emission data and the main indicators used for their calculation. 
In its 1987 fifth session the Executive Body provided "guidelines for reporting by parties to 
the 1985 Helsinki Protocol". It reminded the parties about their reporting obligations under 
the Protocol's articles 4 and 6, so that EMEP could perform a "timely and accurate" 
calculation of sulphur budgets and transboundary fluxes on the basis of article 5. In 
particular, the Executive Body established that parties shall report not later than 1 May of 
each year on: i) their annual sulphur emissions for the year 1980 and for all years, starting 
with the year of entry into force of t+e Protocol for the party concerned; ii) national programs, 
policies and strategies for sulphur emission reductions. In addition, parties were requested to 
report on the basis upon which the 1980 emissions were calculated, "including emission 
factors by source category" [EC/EB.AIR/16]. At its 1990 eighth session [ECE/EB.AIR/24], 
the Executive Body approved the amended reporting schedule for the submission of emission 
data by December 31 rather than May 1 of each year, in agreement with EMEP's Steering 
Body recommendation that "...final emission data should be submitted before 3 1 December 
of the year following the year concerned, thus giving parties 12 months to produce the data" 
[Sandnes 19931. 
In its 199 1 ninth session [ECE/EB.AIR/29], the Executive Body endorsed the recommendation 
of EMEP's Steering Body concerning guidelines for estimation and reporting of emission 
inventories [ECE/EB.AIR/R.65] whose application by the parties to the LRTAP Convention 
would facilitate EMEP activities. The parties should submit annually information on emissions 
of sulphur oxides (SO,), nitrogen oxides (NO,), non-methane organic volatile organic 
compounds (NMVOCs), methane (CH,), ammonia (NH,) and carbon monoxide (CO). 
Emission data should be reported as totals and at least for the major source categories 
specified in the document; data to be used in modeling should be reported for 50x50 km grid 
cells. 
At least in two occasions the Executive Body has given authoritative interpretations of the 
text of the Convention and its Protocols: in relation to the definition of "transboundary fluxes" 
in the Convention and three Protocols, and on the continuing commitment of parties to the 
Helsinki SO, Protocol not to increase their emissions after the 1993 target date [Sand 19961. 
2. Data on Implementation: The Role of EMEP 
The only body with authority to review the implementation of commitments under the LRTAP 
Convention is the parties' assembly, the Executive Body. The procedures used are: i) 
evaluation of the information on emissions, national programs, policies and strategies 
summarized in annual reviews in  the light of major reviews that must be performed every 
four years; and ii) consideration and approval of the work-plan. According to the work-plan 
for the implementation of the Convention, as adopted by the Executive Body at its third 
session [ECE/EB.AIR/7, annex IV], major reviews of national strategies and policies for 
combatting air pollution shall be undertaken every fours years to ascertain the extent to which 
the objectives and fundamental principles have been met as laid down in the Convention and 
its Protocols. Reviews are based on national submissions and other official sources". 
The Secretariat is entrusted with the tasks of drafting the work-plan and preparing both the 
annual and major reviews on the basis of information contained in national contributions 
enhanced with information from other official sources, such as EMEP, Working Groups, 'Task 
Forces and International Co-operative Programs. Although their work is only summarily 
reported in the above-mentioned reviews, the information they provide is fundamental for the 
elaboration of the annual work-plan. Therefore, some activities of these other official bodies 
should be seen as a support of the LRTAP Convention's IRMs (for example, the 
determination and mapping of ecosystems' critical loads). 
Of special relevance in the context of this study are EMEP monitoring and evaluation 
programs which provide the data necessary to gain a detailed understanding of national 
implementation. In what follows, the focus will be on activities under EMEP supervision 
(emissions, depositions) or direct responsibility (data quality assurance programs, modeling 
of chemical change and transport of air pollutants). This will also serve the purpose to 
highlight the measures taken in the course of time to steadily increase both the quantity and 
the reliability of the data. 
EMEP's basic work addresses: i) collation, evaluation and storage of the emission data 
reported by the parties; ii) development of a common methodology to calculate emissions; iii) 
design, coordination, quality assurance and control of the measurement program in air and 
"As yet three major reviews have been performed, respectively for the years 1986 
[ECE/EB.AIR/14], 1 990 [ECE/EB.AIR/27] and 1 994 [ECE/EB.AIR/44]. 
precipitation; iv) modeling the atmospheric dispersion of the chemical species involved 
(including transformation and removal processes) on the basis of emission data and relevant 
meteorological parameters. These four activities are considered in order below. 
2.1. Emissions 
Emissions of acidifying pollutants stem from human activities as well as natural sources. The 
Convention focuses on anthropogenic emissions; however, i t  is important to have records of 
emissions from natural origin in order to understand the relative significance of those from 
anthropogenic sources and the limits of abatement measures. Besides, natural emissions are 
a necessary input for modeling the transport and deposition of air pollutants. 
There are large uncertainties about the chemical speciation and the magnitude of the natural 
fluxes [Andreae 19851. Emission estimates of important air pollutants are shown in Table 1: 
On the global scale, emissions from natural sources appear to be either of comparable 
magnitude with, or well in excess of, anthropogenic emissions. This does not seem to be the 
case for the contine~ztal emissions i n  North America and Europe, where estimates of both SO, 
and NO, natural emissions amount to a few percent of those produced by human activities 
[Builtjes 19891. Main sources of sulphur emissions are SO, from volcanic activity and 
biomass burning, dimethylsulphide (DMS) from oceanic plankton, hydrogen sulphide (H,S) 
from soils and plants, and sulphate aerosols from sea spray. The most important sources of 
nitrogen oxides natural emissions are bacterial activity in soils, lightning, and combustion of 
biomass; while ammonia (NH,) natural emissions stem primarily from soils, plants and 
manure. 
2.1.1. Methodologies for Compiling Emission Inventories 
In general, anthropogenic emissions are not directly measured', but are estimations supported 
by representative measurements made at main sources of all types. In general terms, 
estimations are arrived at by multiplying each source's activity rate (e.g., SO, emitted per ton 
of coal burned) by an appropriate emission factor (e.g., tons of coal consumed per year). Most 
of the chemical compounds whose emissions have to be reported under the LRTAP 
Convention are primarily formed during fossil fuel combustion. 
I2~lthough in some countries continuous monitoring of a few pollutants is often 
implemented at a few large point sources like power plants and refineries. 
Two main approaches for the compilation of emission data from the energy sector are in use: 
i) a "top-down" methodology based on aggregated energy statisticsl?hat contain energy data 
and energy balances showing consumption (the activity rate) in the principal economic 
sectors, and a limited number of average emission factors; and ii) a "bottom-up" approach, 
in which the selection of a number of socio-economic activities14 requires the identification 
of a great number of specific emission factors reflecting not only fuel characteristics but also 
engineering performance of equipments, machines and installations. 
The estimation of anthropogenic emissions from sources other than fossil fuel combustion is 
generally based upon a few detailed analyses of national situations. 
The huge amount and variety of statistical information that needs to be gathered, collated, 
compiled and stored, as well as the inherent difficulties in determining activity rates (e.g., 
details of energy consumption in the economic sectors, amount and type of fertilizers used 
in agriculture, volume and composition of waste) and emission factors introduce errors in the 
estimations, whose uncertainty range is generally poorly understood. 
Up to now most emission data have been prepared using national methodologies. Various 
parties to the LRTAP Convention, in particular the most industrialized states, have developed 
detailed methods to determine emission rates of air pollutants. Although the procedures follow 
similar broad principles, there are a number of distinctive differences. For instance, variations 
in fuel specifications and the definition and composition of the economic sectors (e.g., the 
number of sub-sectors, the modal split of transportation) respectively affect the corresponding 
emission factors and the sectoral figures of activity rates. At the same time, a number of 
states have used a "top-down" approach based on gross activity aggregates and average 
emission factors. For these reasons, comparability of national emission inventories is low, and 
it is difficult to apply a national methodology directly to other country situations. 
The above considerations suggest that the development of a common methodology for 
compiling emission inventories would improve the consistency of results and enable 
comparisons of past performance and inventories among countries. The preparation of 
guidelines for application of such methodology is an important feature of international 
''such as those published by the United Nations Statistical Office, the OECD International 
Energy Agency (IEA) and the European Union Statistical Directorate (EUROSTAT). 
"For example, distance travelled by various modes of transportation, tonnage of steel 
produced using a particular process, ambient temperature to be maintained in different kinds 
of housing. 
cooperation to promote better and more reliable data. 
2.1.1.1. The CORINAIR Methodology 
Concerned by experts views that environmental data in Europe were of low quality, the 
European Council of Ministers established in 1985 an "experimental project for gathering, co- 
ordinating and ensuring the consistency of information on the state of the environment and 
natural resources in the Community"'" The work program was given the name CORINE 
m-oEdination d'mformation Environnementale]. It included a project labelled CORINAIR 
for collecting and organizing information on emissions relevant to acid deposition. 
Within the framework of the CORINE program, a working group was established to develop 
a methodology for the compilation of national inventories of air pollutants. The task force was 
formed in 1986 with experts from national agencies to develop a common methodology and 
to compile the 1985 prototype emission inventory of atmospheric emissions of three 
pollutants, SO,, NO,, and VOCs (total volatile organic compounds) from eight main source 
sectors in the 12 member states of the Community. The inventory was completed in 1990 and 
recently published [Bouscaren et al. 19951. Follow-up activities to prepare a 1990 inventory 
under the lead of a Task Force at the European Environmental Agency (EEA-TF) are also 
completed. At the time of writing, results for most countries are final and in process of 
publication. The 1990 CORINAIR nomenclature covers about 260 emission-generating 
activities grouped in 1 1  main source groups16 , extending the 1985 list of pollutants to eight, 
namely: sulphur oxides ( SO, as SO,), nitrogen oxides (NO, as NO,), non-methane volatile 
organic compounds (NMVOCs), ammonia (NH,), carbon monoxide (CO), methane (CH,), 
nitrous oxide (N,O) and carbon dioxide (CO,). The approach has been made available to 30 
European countries: 15 member states of the European Union, 2 from EFTA (Norway, 
Switzerland), 3 Baltic states (Estoqia, Latvia, Lithuania), 9 Eastern and Central European 
countries (Albania, Bulgaria, Croatia, Czech Republic, Hungary, Poland, Romania, Slovakia, 
Slovenia) and Russia. Thus, although pursuing the aims of the European Union, the 
CORINAIR project covers most requirements of the LRTAP Convention as well. 
'"ouncil Decision 851338lEEC. 
16 These are: 1 - Public power, cogeneration and district heating. 2 - Commercial, 
institutional and residential combustion. 3 - Industrial combustion. 4 - Production processes. 
5 - Extraction and distribution of fossil fuels. 6 - Solvent use. 7 - Road transport. 8 - Other 
mobile sources and machinery. 9 - Waste treatment and disposal. 10 - Agriculture. 1 1  - 
Nature. 
The CORINAIR methodology is bottom-up, it uses data on the types of plants or vehicles, 
types of emission controls, etc., as the fundamental basis for emission estimations. Plant- 
specific information is provided on a number of point sources (large power plants, sulphuric 
and nitric acid plants, integrated iron and steel plants, airports, etc.) while other smaller or 
more diffuse sources (road transport, domestic heating, solvent use, agriculture, etc.) are 
treated on an area basis to provide emission estimates from these sources. The selected spatial 
resolution for area sources corresponds to the departmentlcounty level. The emissions from 
both point and area sources can be determined by measurements or calculated with 
appropriate emission factors and activity statistics (energy consumption, industrial throughput, 
number of animals, etc.). 
The CORINAIR project has worked out guidelines to estimate emissions -relevant activity 
statistics, emission factors, etc.- without making their use mandatory; countries may choose 
to use detailed country-specific data on emission-generating activities and emission factors 
which they consider best reflect national conditions for each of the emission generating 
activities included in the agreed CORINAIR activity list SNAP (Selected Nomenclature for 
Air Pollution). But it provides for coltsistency by specifying the activities to be quantified and 
the main source sectors and sub-sectors in which each activity is included, at the same time 
allowing for flexibility as to how each country estimates emissions for each activity17 .Its 
implementation constitutes an important step towards increasing the transparency and 
comparability of national emission inventories, opening the way for a significant quality 
control process. 
2.1.1.2. The Task Force on Emission Inventories 
The LRTAP Convention incorporates no explicit provision regarding the completeness and 
reliability of the emissions information in national reports. The data provided by the parties 
are stored in databases'' and, in principle, taken at face value for various purposes, including 
modeling. However, complaints about data quality and delays in  reporting have been voiced 
at various meetings. This has had the important effect of increasing the attention devoted to 
the preparation of emission data. A 1990 EMEP Workshop on International Emission 
Inventories contributed to the preparation of a draft of technical guidelines for estimation and 
reporting of national emissions of sulphur compounds, nitrogen oxides (NO,), VOCs and 
1 7 ~  complete harmonization of national systems would not have been possible. 
" ~ t  he UNtECE International Environmental Data Service (IEDS) and at EMEP7s 
centers. 
ammonia. The draft guidelines -proposing, inter alia, that total annual emission data should 
be reported for at least the 1 1  major source categories agreed upon with the CORINAIR 
project- were reviewed at the 1991 EMEP Workshop on Emission Inventory Techniques 
[Pacyna and Joerss 19911, which recommended: i) the approval of the final text by the 
appropriate official bodies, and ii) the establishment of a Task Force on Emission Inventories. 
Thereafter, the Executive Body appointed the Task Force on Emission Inventories (TFEI) "to 
ensure an adequate flow of reliable information to support the work under the Convention ..." 
[ECEEB . AIR.1291. 
As a result of a comparison of emission inventory activities in various international bodies, 
in its first meeting the Task Force concluded that collaboration with other groups that had 
been engaged in similar activities would be the most sensible approach to establish an 
appropriate methodology, saving time and avoiding duplication of efforts. It decided to 
establish eight expert panels to work out methodological issues, one of which to deal with the 
verification of emission inventories (see Figure 2) [McInnes et al. 19921. In the same year, 
the UNECE and the Commission of the European Communities (CEC) agreed to adopt a 
common source sector split for reporting emissions, and in 1993 they agreed to collaborate 
in drafting an Emission Inventory Guidebook. Proposals for the development of a Guidebook 
were elaborated by the TFEI Strategic Overview expert panel and endorsed at its second 
meeting, where it was stressed that "a detailed methodology such as CORINAIR would be 
required to allow verification of emission data" [McInnes et al. 19931. The first edition of the 
Guidebook has recently been published [Mc Innes 19961. The Verification Panel proposed a 
number of procedures to help developers of emission inventories make consistent and, as far 
as possible, error-free estimations, and to evaluate their reliability (section 3.2.). 
2.1.2. Analysis of Emission Data 
Time-series of SO, and NO, emissions taken from the latest official report (see footnote 7) 
are reproduced in Tables 2 and 3 respectively, while Table 4 on NH, emissions is presented 
only to exemplify scanty reporting. The following four questions are of interest here: 1) How 
does the reporting performance look like?; 2) Is the reported information complete?; 3) Are 
the reported data reliable?; and 4) Have commitments been met? They will now considered 
in that order. 
I) Tables 2 and 3 show that, in general, most parties to the LRTAP Converztion have reported 
emissions for the reference year 1980 and since 1985, while there are many gaps between 
1980 and 1985. However, only few parties to the Protocols have reported intermittently in 
that period. Comparison of similar records published in the LRTAP annual reviews show that 
parties delay by about two years the submission of the latest data. The official record of other 
air pollutants (NH,, CH,, NMVOCs and CO) is much less complete. Tables 5 and 6 illustrate, 
respectively, that out of the 20 European parties to the SO, Protocol after the unification of 
Germany only 10, that is 50 %, have a perfect reporting record in the period 1980-1993; in 
the case of the NOx Protocol, this is true for 10 out of 22 parties in the same period, that is 
41 %. Most of the missing information corresponds to the period 1980-1985. 
It may be asked: why the gaps and delays? Do they appear because of lack of explicit 
instructions? Or do they primarily reflect operational problems during implementation? The 
information available is not sufficient to answer those questions satisfactorily. Though it 
should be recalled that the Helsinki SO, Protocol asks the parties to provide information for 
the years after the instrument became in force for each (section 1.3.3.). A number of factors 
may also contribute to the situation, for example: want of urgency when a Protocol is not in 
force; absence of a common methodology, or the recommendation to use a too demanding one 
(in terms of infrastructure, personnel and cost); difficulties to implement data collection in the 
field, particularly in the case of small sources. 
Incomplete emission reporting leads to a difficult, undesirable situation at EMEP's 
Meteorological Synthesizing Centers: since a complete time-series of emission data is a 
necessary input to the long-range dispersion models, the voids have to be filled up through 
interpolations andlor extrapolations. This procedure increases the uncertainty of results, in 
particular because emission data of nitrogen compounds other than NO, (e.g. ammonia) are 
also required. 
2) Now, is the reported information complete? The parties revise periodically the information 
on emissions that they have to report regularly to the Executive Body and EMEP as better 
knowledge on energy use and other sources becomes available, so that emission figures for 
previous years have been at times substantially modified. In the case of SO, emissions, it has 
been shown [Amann 19921 that the completeness (and the quality) of current information are 
not homogeneous. This may be grasped by looking into changes in emission figures for a 
given year that have been released at different reporting times. 
With respect to SO, emission data for the reference year 1980 Table 7 shows that estimations 
made in  1985 are, in general, quite different from values reported at a later date (due account 
being taken of changes in national frontiers). In the majority of cases, 1980 emission figures 
have changed in the course of time and become stable in the two more recent reporting years, 
1993 and 199519. For some parties, the reported figures seem to reflect an incomplete 
inventory andlor the use of inappropriate estimation methods. Eastern European countries 
show the highest variability between emission values reported in 1985 and in later years. For 
1985, the data show a similar trend as discussed for 1980, i.e. the estimations done by the 
parties in 1985 are in all but one case at times well above data reported in  later years; while 
for 1990, SO, emission figures are rather similar, a fact that may reflect the experience 
accumulated by the parties during a decade of calculating and reporting. 
The NO, emission data shown in Table 8 present trends similar to those discussed above for 
SO, although the extraction of firm conclusions is impaired by the relatively short time the 
Protocol has been in force. 
Information contained in Tables 7 and 8 suggests that a considerable effort has been made 
by the bodies and the contracting parties of the LRTAP Convention to improve methods for 
estimating emission inventories and extend their use to the whole UNfECE region. It appears 
that emission inventories are at present more complete and homogeneous than at any previous 
time, covering the main sources and increasingly introducing common estimation methods. 
One way to explore whether this view is appropriate is to compare those figures with 
estimations performed independently. 
3) Table 9 indicates that the CORINAIR detailed methodology lead to SO, emission figures 
that are consistent with, and at times lower than, the data most recently reported by the 
parties. In particular, most Southern European countries seem to have used results of 
CORINAIR 1985 to replace previous estimations since numbers coincide exactly. In addition, 
IIASA-TAP Project calculations, based upon international statistical data, show good 
agreement with the latest reported results for 1980 SO, emissions whereas for 1985 emissions 
figures are, in general, significantly higher than recently reported values: this is due to the fact 
that the IIASA-TAP figures correspond to "unabated emissions", i.e., estimations made 
without taking into account the parties' actual incorporation of pollution control technologies 
after 1980. 
4) What about compliance with the emission abatement goals established in the Protocols? 
In the period 1980-1993, SO, emissions have been substantially cut by the parties to the 
Helsinki Protocol thus exceeding, both individually and as a group, the minimum reduction 
target of the Helsinki Protocol. Individual behavior has not been uniform throughout, 
19 Croatia is an exception because the figures issued in 1993 correspond only to emissions 
from thermal power plants. 
however. In the period until 1987 (the year when the Protocol entered into force) three East 
European countries did not perform quite as satisfactorily. The record of the Protocol's non- 
parties shows that only 2 countries out of 12 have reported emission data for each of the 
fourteen years under consideration, and emission increments as well as reductions took place 
in this time span. However, as a group these countries seem to have complied with the 30 % 
reduction target2', so that the aggregate SO, emission reduction of Europe under the LRTAP 
Convention in the period 1980 - 1993 amounts to 46 %. 
As the Protocol came into force in 1987, the large SO, emission reductions that took place 
before that date can be seen as not causally related with its adoption [Levy 19931. Table 5 
shows that most parties to the Protocol achieved substantial emission reductions in the period 
1987-1993, suggesting the possible influence of the regime on domestic behavior. This 
interpretation seems more plausible in the case of the Eastern European countries, where the 
main part of emission reduction took place, precisely, after 1987. 
With respect to the fulfillment of commitments by parties and non-parties to the NO, 
Protocol, Table 6 shows that NO, emissions of parties to the NO, Protocol have in general 
diminished, remarkably at times, i n  the period 1987-1993 (1987 is the baseline year for all 
European parties): the intended stagnation has been achieved. No definite statement can be 
made for Europe under the LRTAP Convention because of inadequate reporting by non- 
parties. 
In summary, due attention being paid to the relative "softness" of the data (the evaluation of 
errors in emission estimates indicate an uncertainty range of no less than +I- 10%) and the 
reporting gaps and delays, the above analysis suggests that the explicit statement of reporting 
obligations in the respective Protocols, complemented by decisions of the Executive Body, 
have induced parties to comply. 
Non-parties performance is less clear. For example, the United States and the United 
Kingdom are not parties to the Helsinki SO, Protocol. These countries have practically perfect 
reporting records. In the reporting period 1980-1992 the United States reduction amounted 
only to 13 %, as might be expected. However, the United Kingdom shows a perfect reporting 
,'Since 1993 emission figures are missing in most cases, the present assessment is at least 
provisory. Only the United Kingdom complied with the Protocol's minimum reduction target 
it did not formally adhere to. 
record and a 37 % reduction of SO2 emissions2'. 
As stated above, there are parties to the LRTAP Convention that have (at least partially) 
implemented and reported abatement measures in spite of the fact that they are not parties to 
the SO, or NO, Protocols; they are, in fact, overcomplying. On the contrary, some parties to 
the Protocols are not strictly in compliance with the reporting obligations established by the 
Executive Body (reports are not always timely issued, in particular there is lack or delay in 
the provision of gridded emission data) [see Styve in McInnes et al. 19931. When all is taken 
into account, however, the most recent available emission record of the two pollutants can be 
seen as satisfactory. 
2.2. Measurements of Air and Precipitation Quality 
In their journeys from sources to sinks, emissions of sulphur and nitrogen compounds are 
partially transformed physically and chemically through reactions with other species present 
in the atmosphere and under the influence of radiation, so that new substances join the 
original, are taken together by the winds and discharged by dry and wet depo~i t ion~~.  
EMEP's Chemical Co-ordinating Centre (CCC) supervises a continuous monitoring program 
of acidifying and other air pollutants at national laboratories distributed all over Europe. The 
deposition of a number of chemical species is measured daily in samples that have been 
collected at selected sites so that they are regionally representative and, as far as possible, 
unaffected by local pollutant sources. This is essential for the comparison between 
measurements and model results. Urban areas and locations exposed to major sources will 
have much higher average concentrations than the ones encountered at those sites. 
2 '~easons  to explain that behavior have been proposed in the literature [Levy 1993, 
Wettestad 19961. 
2 2 ~ h e  effectiveness of individual removal processes of chemical species is reflected in 
their residence times, and determined by the physical and chemical characteristics of the 
particular substance (e.g., physical state, particle size, reactivity), meteorological factors (e.g. 
predominant wind regimes, occurrence of precipitation), and features of the underlying surface 
[NRC 19811. For the substances of interest here dry deposition takes place relatively near the 
emission sources, while the distances travelled before wet deposition occurs are, in general, 
larger since precipitation has to be found and oxidant limitations reduce the amount of sulphur 
that can be wet deposited near source areas. For most sulphur and nitrogen compounds 
removal by precipitation is an efficient way of cleaning air from pollutants. In mid-latitudes, 
these removal processes are operative for distances in the range from hundred up to a few 
thousand kilometers [Irving 199 1, Iversen 19931. 
2.2.1. Measurement Program 
EMEP's measurement program, originally designed to determine sulphur compounds, begun 
in October 1977. In the course of time, EMEP's measurement activity was gradually 
expanded. For example, during the program's third phase (1 984- 1986) two levels of activity 
were implemented: the minimum program on air concentrations of SO, and SO,= as well as 
SO,= and pWH' in  precipitation had to be carried out at all stations; in addition, an extended 
program which called for measuring further substances was carried out at few stations on a 
voluntary basis. In 1986 the Executive Body decided that the minimum and the extended 
measurement programs be combined to form a unified program for the fourth phase (1987- 
1989), thus covering the following chemical species [Hanssen et al. 19901: 
Gases 
Particles 
Gases + Particles 
Precipitation 
Sulphur Dioxide (SO,), Nitrogen Dioxide (NO,), Ozone (0,) 
Sulphate (SO,=) 
[Nitric Acid (HNO,) + Nitrate (NO,)] 
[Ammonia (NH,) + Ammonium (NH,')] 
Amount 
Conductivity 
pH/H', SO,=, NO,-, C1-, Ca", Mg", K', Na', NH,' 
All measurements had to be performed on a 24-hour basis except for ozone, which was to be 
reported as hourly averages. In this way the EMEP program included all important acidifying 
substances as well as ground level ozone. 
More recently, the measurement program has again been extended to add the following further 
species in the 1995- 1998 measurement program [Schaug 19951: 
Gases Nitric Acid (HNO,), Ammonia (NH,), VOCs, Hg 
Particles Nitrate (NO,), Ammonium (NH,'), Trace Metals 
Gases + Particles Persistent Organic Pollutants (POP) 
Precipitation Trace Metals, POP 
In line with the steady increase of chemical species to be measured, the sampling network has 
also expanded: 46 stations in 14 countries were working during the first measurement phase 
of EMEP (1978-1980); by 1985 the number grew to 87 sites in 24 nations [Nodop 19901. 
During EMEP's 4th measurement phase (1987-1989) the CCC received data from 102 sites: 
79 stations reported both precipitation and air quality data, while 10 stations delivered data 
only from precipitation, and 13 stations only from air [Hanssen et al. 19901. In 1990, the first 
year of EMEP's 5th measurement phase, the total number of measurement sites was 97 
[Pedersen et al. 19921. Currently, about 100 sites take part in the daily measurements; 
however, less than 30 had the full program implemented by the end of 1993, and there is still 
rather incomplete information about some substances in air, in particular nitrogen compounds 
[Berge et al. 19941. Figure 3 shows the location of the EMEP sampling sites in 1993 
[Dovland 19931. 
Sampling sites and chemical laboratories in the participating countries started with, and often 
have continued to use, existing techniques and equipment. The consequence is that there are 
neither common air and precipitation sampling methods nor the same analytical techniques 
and equipment used in all the stations. A manual with recommended methods to harmonize 
those elements throughout Europe was issued by EMEP in 1977 and regularly updated 
thereafter. By 1990 most of the laboratories were using the methods described in the manual 
or other well established [Hanssen et al. 19901. A completely revised version is currently in 
the process of adoption [Schaug 19951. 
In spite of the large geographical coverage of the measurement program, the situation is not 
completely satisfactory: a few sampling sites may be influenced by emissions stemming from 
nearby sources; others are located at too high an elevation to give representative data at all 
times; the density of the station network is not uniform, as shown in Figure 3: while in 
Western and Central Europe the coverage is fairly wide, it is rather low in Eastern and 
Southern Europe. 
2.2.2. Quality Assurance 
Continuous efforts have been made by the CCC to attain and ensure an acceptable degree of 
data completeness, homogeneity and reliability. A number of quality assurance procedures are 
implemented both at NILU and at the national institutions. 
There are several elements in the measurement program that can be the subject of such 
quality control. The CCC quality assurance plan addresses: i)  selection of sampling sites; ii) 
field and laboratory operations; iii) training of personnel; iv) data handling [Schaug 19881. 
The main precondition for a sampling site is that it should represent fairly well the "average" 
air quality and precipitation within the EMEP grid square in which i t  is located. This implies 
that sites placed in grid cells with high emissions may be influenced by large emission 
sources. The representativeness of a site is also determined by other factors, such as local 
climate, normal wind directions and the intended use of the information as well. An 
evaluation of various EMEP visits to sites and laboratories revealed that the majority of 25 
inspected stations were properly located, with the exception of 4 stations, possibly influenced 
by emission sources or located at too high an elevation [Semb et al. 19921. 
The CCC worked out questionnaires to collect detailed information about the sampling and 
chemical analysis methods and equipment, as well as the quality assurance procedures 
undertaken during the measurement steps. The questionnaires were distributed for the first 
time in 1988: information on present status and former major changes were asked for. The 
information gathered was included in the database, together with measurement data and 
remarks about measurement sites [Fahnrich et al. 19931. 
An expert consultation program was established, initially intended as a site inspection or audit 
program. It may also be regarded as a way of providing more direct contact between the CCC 
and national laboratories, offering the opportunity for joint considerations of performance 
problems. 
The participating stations use different sampling equipment with different sampling rates, air 
intakes, filter holders and materials. To check the effect on data, field intercor~zparisons of 
samplers have taken place. A pilot intercomparison for sulphur dioxide and aerosol sulphate 
in air was performed at the Langenbruegge station in the Federal Republic of Germany during 
1985-1986; it showed systematic differences of up to 20% between results of different 
sampling systems. However, no clear conclusions on the origin of discrepancies were attained 
since the samples were analyzed by different laboratories [Nodop and Leyendecker 19881. A 
further intercomparison done in  1990 at the Swedish Vavihill station detected many of the 
inherent sources of errors in air sampling for the determination of sulphur dioxide and 
sulphate concentrations [Semb et al. 199 11. 
The quality of the chemical analyses done at the national laboratories is routinely checked 
every year in interlaboratory tests. Synthetic and real samples are distributed to participants 
and analytical results compared. Results of the intercomparisons performed up to now showed 
that the mean of reported values was always close to the expectations. The relative standard 
deviations were mostly in the 5-1096 range when one or two outlying results were excluded. 
In the last two intercomparisons, more than 70% of the outliers were reported by only six 
laboratories, three of which were the same in both cases [Hanssen and Skjelmoen 19921. 
Under the quality assurance program much attention is paid to the management of data, 
including data control and reporting. EMEP works out and recommends procedures to be 
followed by the parties for data reporting. Data control has to be implemented both at the 
laboratory where measurements are carried out and at the Chemical Coordinating Centre. Any 
data suspect of inaccuracy has to be re-determined by a new analysis. Statistical tests are 
performed to identify possible outliers and results that appear erroneous when compared with 
previous measurements stored in  the database. Ion balance2%omputations should be carried 
out as soon as possible to avoid effects from changes in the sample composition during 
storage and transportation. Together with the ionic balance test, the electrical conductivi~ of 
the precipitation samples is measured under standard conditions and compared with values 
calculated from measured concentrations. Several sets of flags are used by participants and 
the CCC to characterize the quality of data stored. 
2.2.3. Measurement Data 
All data that have passed the quality control program are stored in the database; if new 
evidence arises, corrections are incorporated, so that the database is continuously updated 
[Schaug 19951. 
In order to show changes and trends in air and precipitation quality throughout Europe for any 
selected period of time, the huge amount of data is reduced to a representative and 
manageable set. In general, EMEP reports present results in terms of monthly, yearly or multi- 
annual arithmetic mean concentrations in  air, and arithmetic precipitation-weighted mean 
concentrations in  precipitation. These averages are used to transform the data stemming from 
the EMEP measurement station network into concentration and deposition fields, a procedure 
most recently done by the application of a statistical technique known as kriging24. 
Concentration and deposition fields are shown graphically through isopleths of pollutants in 
air and precipitation across the whole EMEP area. This information is routinely produced at 
2"he measurement program begun in EMEP7s 4th phase includes determination of all 
the main components in precipitation. A consistency check of results is the ionic balance: the 
sum of positive and negative ion concentrations expressed in microequivalents per liter, 
should be zero; alternatively, the ratio between anion and cation concentrations should be 
close to one [Schaug 19881. 
24 Kriging is an interpolation technique that uses observations, Z(xj), at location xj to 
estimate "the true value Z, at the point x, where an observation is not available" [Venkatram 
19881. Kriging can thus be used to estimate unknown data from measurements in neighboring 
sectors, for example to evaluate deposition or concentration fields [Schaug, Iversen and 
Pedersen 19931. 
the Chemical Coordinating Centre and published in annual reports as well as in summary 
periodic reports covering a whole measurement program25. "Comparisons of long-term 
averages of the period 1978- 1982 with those of 1983- 1987 for the sulphur components in air 
and precipitation show that the areas with the highest concentrations have been reduced. The 
differences between the nitrate concentrations in precipitation in the two long-term averages 
seem to be very small. The region with pH less than 4.1 which covered much of Central 
Europe in 1978- 1982 has disappeared in the 1983- 1987 average" [Hanssen et al. 19901. 
In general, a comparison of results shows a temporal trend towards lower deposition rates and 
higher pH values (i.e. less acidity) in parts of Central Europe and Southern Scandinavia, 
indicating that the level of rain acidity has either been steadily reduced or that areas that 
showed high rain acidity have become smaller in later years. These qualitative, "visual" trends 
have been highlighted by applying appropriate statistical data-evaluation methods. 
Taking into account the difficulty of establishing unique cause-effect relationships in this 
complex issue with so many variables at play, it is important to review EMEP's efforts to 
analyze the magnitude of the changes, and their relationships to the reported air pollutant 
emission reduction and stabilization measures. 
2.2.3. I. Trend Analysis 
A good example of EMEP's data evaluation approach is a study of trends in the 
measurements record of selected stations within the period 1979-1988 [Hanssen et al. 19901: 
data for at least six years were used, and included only those years with data for more than 
70% of the time. A particularly useful statistical method, the Mann-Kendall non-parametric 
test, was applied for the analysisz6. 
Figure 4 reproduces the results for sulphur dioxide at 0.05 significance level (the probability 
of being wrong if the hypothesis "no trend" is rejected, therefore accepting the alternative 
hypothesis "upward trend" or "downward trend"). It shows that there is no trend or a trend 
"see, for instance, the summary reports for the third and fourth EMEP measurement 
phases, respectively published as EMEPICCC-Report 3/87 and EMEP-CCC-Report 2/90. The 
1990 annual data were published in the EMEPICCC-Report 2/92. 
26 The method is applicable even when the information is not complete (e.g., data from a 
few scattered stations are missing); in  addition, the data available need not to conform to any 
particular statistical distribution [Gilbert 19871. 
downwards at all sites that could be included in the computation. Significant downward trends 
appear for France, the United Kingdom, southern Scandinavia and some sites in Germany; 
while in  the other parts of Europe included in the analysis there are no significant trends. A 
similar picture was obtained for sulphate in particles. A subsequent analysis of the whole data 
set (annual average concentrations of sulphur dioxide and sulphate in  aerosols), based on 
Sen's non-parametric slope estimator method indicated that in those regions where the Mann- 
Kendall test showed significant sulphur dioxide reduction there is at least a 20 to 40% 
decrease in the United Kingdom and France, and between 10 and 40% in southern 
Scandinavia (Figure 5 shows the results for SO,). 
The question arises as to whether or not these trends are at least partially due to changing 
meteorological conditions in space and time. A comparison of measured data with dispersion 
model sensitivity runs revealed that reductions of both sulphur dioxide and sulphate in 
particles occur in areas where the effect of reduced emissions would be expected to appear 
[Mylona 19891. 
2.2.3.2. Sector Analysis 
The spatial distribution of pollutant concentrations in air and precipitation can, in a first 
approximation, be associated to differences in wind direction during the period of 
measurement. The origin of air masses and the way they move are estimated by trajectory 
models based on meteorological information. By assigning measured data at each station to 
wind direction classes, or transport sectors, it is possible to reach conclusions on the sources 
of pollutants [Nodop 19901. 
The Meteorological Synthesizing Centre-West has developed a trajectory allocation program 
that permits the assignment of measurements to direction sectors of arriving trajectories. Eight 
45" sectors are defined, reflecting air transport from 8 cardinal points. Data is allocated to one 
of these sectors when more than half of the arriving trajectory positions fall within it during 
the measurement period; if this criterium is not met the measurement data is allocated to an 
"undetermined" sector. Only trajectory positions between 150 km and 1500 km from the 
station are taken into consideration [Hanssen et al. 19901. Figure 6 displays the link between 
transport directions and concentrations in  air samples at selected stations: in general, sectors 
with high concentrations and depositions coincide with the direction from where the most 
important emission sources are located. However, the interpretation of the data is not quite 
straightforward, since interaction between air currents and the paucity of measurements can 
reduce the value of the information provided to a mere indication of possible trends. "The 
interpretation of the trends in  monitoring data simply by variations in emissions is confused 
by the evidence of inaccuracies in both the sampling and the analytical methods for sulphur 
oxides" [Hidy et al. 19781. 
2.3. Modeling the Transport of Air Pollutants 
The establishment of the link between national emissions and in situ measurements of 
acidifying pollutants is undertaken by modeling the physical and chemical processes that 
determine their long-range transport and deposition. "A major goal of (the) study of the 
atmospheric aspects of air pollution is to be able to describe mathematically the spatial and 
temporal distribution of contaminants released into the atmosphere" [Seinfeld 19861. 
To study the source-receptor relationships, standard techniques include the description of the 
movement of an air parcel, i.e., its trajectory, with the help of mathematical transport models. 
This applies to both the receptor-oriented problem (i.e., the identification of the source of a 
pollutant that has been found in remote areas), as well as to the source-oriented problem (i.e. 
the description of the dispersion of a pollutant from a known source) [Rodhe 19851. To go 
beyond a simple trajectory analysis, a quantitative model needs to deal with emission, 
dispersion, transformation, transport and removal processes. Such a model may be formulated 
on the basis of trajectories (Lagrangian model) in which parcels of air are followed as they 
travel with the wind and concentration changes are described relative to the moving fluid in 
interaction with the environment; or based upon data specified at fix grid points (Eulerian 
model) in which the integration of the mass-balance equation is performed in a geographically 
fixed grid. Lagrangian long-range transport models are, in principle, simpler to handle than 
Eulerian models, i.e., cheaper to run on the computer and less susceptible to numerical 
difficulties. Eulerian models are more flexible in incorporating various physical and chemical 
processes, in particular when these need to be represented by non-linear equations [Eliassen 
19841. The selection of the type of model depends on a number of factors, including the 
availability of spatial and temporal emission and meteorological data. 
2.3.1. Model Description 
The modeling activity entrusted to EMEP's Meteorological Synthesizing Centres began about 
two decades ago, at the time when the OECD-LRTAP Programme was established. The 
present routine model at the Meteorological Synthesizing Center-West (MSC-W) is a direct 
descendant from that first successful attempt to demonstrate the existence of long-range 
transport and deposition of air pollutants and their transformation products using a receptor- 
oriented model [OECD 19791. The model developed at the Meteorological Synthesizing 
Center-East (MSC-E) is based on the same basic principles, but the specific approach is 
slightly different: it is a source-oriented model keeping track of pollutant plumes from 
emission grid elements. "The differences in model structure yield slightly different estimates 
of the European sulphur budget. The budgets from both models must be regarded as 
reasonable estimates of the actual sulphur budgets" [ECE/EB.AIR/GE.1/18, Annex I]. Based 
on the abundant material available from the MSC-W a description of the features, necessary 
input and the information the model delivers will be briefly considered in the following. 
At the MSC-W, calculations of the transport and deposition of acidifying sulphur and nitrogen 
compounds are performed using a receptor-oriented, one-layer Lagrangian long-range transport 
model. The model calculates concentrations averaged over the well-mixed layer: budget 
equations for the chemistry of air parcels2' following the motion of air along trajectories are 
integrated by including emissions from the underlying grid, chemical processes in the 
atmosphere, and dry and wet deposition to the ground. The budget equations are ordinary, 
first order differential equations i n  the time coordinate. Trajectories are followed 96 hours 
backward in time from their arrival sites, the mid-points of all grid's unit cells and EMEP's 
sampling stations as well; four trajectories arrive at each site every day every 6 hours 
[Iversen 19931. In the current model version emissions are distributed over the year, using a 
sine function to reflect the seasonal pattern. 
Last reported model runs were performed for the whole 9-year period 1985- 1993 [Tuovinen 
et al. 19941: trajectories reached 1 155 arrival points in a grid composed by 33 x 35 cells with 
resolution 150 kilometers (Figure 7) and 119 points coinciding with the selected measurement 
sites of the EMEP program as well. The model was used to calculate daily average 
concentrations of the following chemical species: 
Concentrations in air and dry deposition: Nitrogen oxide (NO), nitrogen dioxide (NO,), 
peroxyacetyl nitrate (PAN), nitric acid (HNO,), ammonium nitrate (NH,NO,), other particulate 
2 7 ~ h e  air parcel under consideration here is defined by the area of the grid's unit cell (in 
this case 150 x 150 km) and the height of the atmospheric boundary layer (ABL). The ABL 
is the lowest part of the atmosphere, and forms as a consequence of interactions with the 
underlying surface (land or sea) over time scales of one day or less. In this layer the effects 
of surface roughness, temperature and other properties are transmitted through turbulent 
mixing. In the volume so defined pollutant concentrations are assumed to be homogeneous. 
The ABL height was initially kept constant at 1000 meters; this constraint has been relaxed 
to roughly account for day-to-day and seasonal variations. 
nitrates (NO;), ammonia (NH,), sulphur dioxide (SO,), ammonium sulphates [(NH,),SO, + 
NH4HS0,]/2 = (NH4),,,S04], other particulate sulphates (SO,'); 
Concentrations in precipitation and wet deposition: Sulphate (SO4=), nitrate (NO;), 
ammonium (NH,'). 
In addition, monthly averages are allocated to 48 subregions, of which 43 are land areas 
(mainly countries) and 5 are sea areas. 
2.3.1.1. Model Inputs 
1) Emissions of SO,, NO, and NH, in gridded form: current requirements are for the parties 
to provide information in a grid of unit cell 50 x 50 kilometers. 
The gaps in, and the delays of, reporting national emission estimations do not fit the rather 
stringent modeling requirements. In particular, calculations involving long time periods 
compel modelers to fill the gaps with their own estimates or simple interpolations and 
extrapolations. The uncertainty of the emission figures is very likely to increase during the 
next step of allocating annual national data to the EMEP grid: the parties are asked to make 
this conversion, since they are conversant with the specific national features that need to be 
taken into account (e.g., population density and distribution, location of main emission 
sources). In practice, since the reporting record of gridded data is rather poor, the procedure 
has been often carried out by the CORINAIR project or by the modelers. Table 10 [Tuovinen 
et al. 19941 summarizes the situation. The final uncertainty increases even more because the 
model requires the input of sulphur emission data from international maritime trade and from 
natural sea sources which, in general, are crude estimations based on a limited number of 
measurements. 
2) Meteorological information. 
EMEP modeling activities respond to the goals of the LRTAP Convention. Basic questions 
that must be addressed (e.g., what is the amount of deposition in one country that stems from 
emissions elsewhere?) have been attended to in model design. This is why actual 
meteorological data is used rather than long-term climatological information. This decision 
is further supported by research results showing that annual variations of meteorological data 
cause changes in the observed concentration levels of at least the same magnitude as the 
reported emission reductions [Mylona 19891. 
The meteorological data are taken from the Numerical Weather Prediction model at the 
Norwegian Meteorological Institute. 
2.3.1.2. Model Outputs 
1) Concentrations of pollutants in air and precipitation at the selected sites. 
2) Country-to-country allocated depositions. 
In addition to the total concentrations the model keeps track of subconcentrations arising from 
emissions in different emission areas for each of the chemical species. Since the model's 
governing differential equations are all linear in  the concentrations, any two sets of solutions 
to this system of equations can be added to give a sum that also will be a set of solutions. 
Therefore, it is feasible to calculate pollutant concentrations due to emissions in each sub- 
domain, and then add the individual contributions to get the total concentrations. This 
characteristic of a Lagrangian model makes it possible to prepare matrices showing one 
country's emission contributions to depositions in another. Quite early in the program [see, 
for example, Eliassen and Saltbones 19831 it was shown that in most European countries the 
deposit of sulphur due to foreign sources represented an important contribution to total 
depositions. Figure 8 shows a cut of such a transport matrix. More recently, the exercise has 
been extended and country-to-country allocated depositions of sulphur, and oxidized and 
reduced nitrogen matrices have been issued, as well as tables showing the net importlexport 
budgets of those pollutants [e.g. see Tuovinen et al. 19941. 
2.3.2. Comparison of Model Results with Measurements 
It is relevant to recall the differences features and the amount of data provided by the three 
main activities coordinated and/or conducted by EMEP. 
First, annual total emission estimates are reported by the current 39 parties to the LRTAP 
Convention. Although reporting should include information on emissions of the agreed 11 
source categories as well as of Large Point Sources (LPS), this is not often the case. 
Assuming that all parties report at least total annual emissions, data on the three pollutants 
used as input in the modeling will be available for 39 countries at the end of each year. As 
already mentioned, primary data on annual emission rates have to be transformed into gridded 
data, thus increasing the size of the database. 
Second, EMEP's measurement program should deliver daily concentrations in air and 
precipitation of at least 10 substances at roughly 100 sampling sites; i.e., ideally, the database 
on observations is increased every year by about 365 000 values. Actually, this is not the 
case: "an extensive set of measurement data is available for atmospheric concentrations of 
SO, and total particulate sulphate; and for sulphate, nitrate and ammonium concentrations in 
precipitation. A more limited number of stations have measured NO,, and for other 
atmospheric nitrogen species only a few stations take measurements" [Tuovinen et al. 19941. 
Under these circumstances, the annual raw data production by the measurement program 
would be reduced to about half of the indicated amount. In order to make comparisons with 
model calculations, point data is transformed into gridded information using a procedure 
developed at NILU. 
Third model runs produce much more direct gridded data, since each arrival point in the 1 
Lagrangian model represents the average value of each pollutant in the corresponding grid 
cell, as well as at the sampling sites. Therefore, concentrations in air and precipitation of 13 
chemical species are available four times a day for approximately 1255 points in a grid of 33 
x 35 unit cells, each with a side length of 150 km (this number will substantially increase 
with the adoption of a unit cell of 50 x 50 km thus giving rise to a grid of 151 x 133 cells). 
The differences in scope, quantity and quality of the three data sets suggest that validating 
the model through comparison of its results with observations is a complex and difficult 
endeavor. The information on chemical species provided by the measurement program is too 
limited -and when available it is often restricted by deficiencies that may exclude a significant 
part of the data- to be used for validating the modeling of transformation processes, which 
in turn is paramount to assess the model capability to accurately describe the treatment of 
chemical processes. For such reasons most comparisons between calculations and observations 
pertaining to the whole EMEP area are done using mean values of concentrations for long 
periods of time (about a year and longer) with the aim of detecting general trends, as well as 
disclosing major reasons for differences, pointing out the shortcomings of model design, 
measurements and input data (emissions, meteorology). 
In one of the first comparisons [Eliassen and Saltbones 19831 the authors carefully attended 
to the representativeness of the observed data: they used the results of the third EMEP 
intercalibration test of national laboratories to detect systematic errors in the chemical 
analyses of SO, and particulate sulphate in air and sulphate in precipitation. Variations in 
reported data were significant for particulate SO,=, so that before making the comparison, 
measurements were corrected by multiplying the reported data by a scaling factor for each 
laboratory. In addition, data from those sampling stations in which results of chemical 
analysis were not available for at least 230 days on air quality and for at least 50 days on 
precipitation during the whole two-year period under consideration (October 1978 to 
September 1980) were excluded. Also, results of two stations located at high altitude were 
discarded. 
A scatter plot of two-year averages of observed versus calculated SO, air concentrations at 
40 stations showed a reasonable agreement between observed and calculated data (the 
correlation coefficient r was 0.82, and the observed and calculated means were 4.77 and 4.73 
micrograms sulphur per cubic meter, respectively). A similar comparison for the two-year 
averages of particulate sulphate concentrations at 48 stations also showed a reasonable 
agreement between observed and calculated data (r = 0.85), but on the average particulate 
sulphate seemed to be underpredicted by the model. The opposite case occurred for sulphate 
in precipitation, for which the agreement was not as good (r = 0.70). Some of the differences 
were attributed to model simplifications, inaccurate emission data and sampling errors (these 
are not checked in the interlaboratory tests). 
Ten years later, a study addressed issues of verification and trends in a comparison of 
observed and calculated annual (1989) means of 6 substances, namely: NO,, SO, and 
particulate sulphate in air; and NO,-, SO4=, NH,' in precipitation [Iversen 19931. As in the 
earlier study observations were discarded if daily measurements in air were available for less 
than 75% (in precipitation for less than 25%) of the days covered in model calculations. 
Scatter plots of measured and calculated values showed that the model underestimated 
measured NO, concentrations by a factor of 1.7. Reasons for such behavior were sought 
through complementary analyses: i) measured and calculated mean 1989 concentrations of 
NO, were plotted versus the NO, emissions i n  the grid square where the measurement site 
was located (a close-to-linear relationship between concentrations and emissions is expected 
in this case): here model results showed a better correlation with emissions than with 
measured values; ii) the year-to-year variation of observed and calculated concentrations was 
used to distinguish between emission and measurement problems. 
As already indicated, meteorological variability masks the effect of changes of emission rates. 
In line with a previous analysis [Mylona 19891, this study confirmed that keeping 
meteorology constant from year to year during computer runs reveals that calculated air 
concentrations and depositions correspond with reported emissions. In addition, trends in 
measurements and calculations generally corresponded although 1989 values of sulphur in air 
were an exception, very likely due to the warm 1989 winter, so that higher-than-actual 
emission values were projected to complete missing country reported data. 
The approach and results of these studies have been summarily presented to exemplify 
EMEP's activities in the performa~~ce, valuation and application of model calculations. In 
fact, the modeling activity is quite large, including e.g. the spatial and temporal (seasonal, 
daily) model performance, development and test of Eulerian models, modeling of long-range 
transport of other air pollutants (ozone) or is in progress (heavy metals, persistent organics). 
Their consideration is, however, beyond the scope of this paper. 
3. Verification of Compliance 
There are at least two relevants aspects concerning the behavior of parties to international 
agreements, namely whether they fulfill their obligations and, in any case, what are the 
reasons for their conduct. Consideiation of the latter issue is outside the scope of this study 
[to this point see, for example, Young 1979, Chayes and Chayes 19931. 
One main thesis in the present study is that the design, application and evolution of IRMs in 
international environmental agreements respond to an implicit demand for verifying 
compliance. In this section the focus is on the relationship between the procedures used to 
trail domestic implementation, i.e. the IRMs, and those necessary for establishing the parties' 
compliance. As already stated, verification of compliance is understood herein as the 
independent check of the fulfillment of obligations incurred by the contractual parties to an 
international agreement. 
3.1. Definitions and Requirements 
The requirements that a compliance verification system has to satisfy and the activities to be 
performed go beyond those which are typical of current IRMs. This will be discussed now 
in some detail. 
Once the political decision to verify compliance has been taken, the immediate question is 
how much verification would be enough. The degree of detail and intrusiveness of 
international surveillance, what has been called the verification density, will be essentially 
dictated by the political perception of the problem2'. In the real world, however, the political 
goal becomes qualified by the feasibility of implementing verification under various 
constraints, including costs. What could be done in practice is a function of two main factors: 
the verification ~u i t ab i l i ty~~  of the objects/sectors/systems to be properly scrutinized, and the 
2 8 ~ h e  intensity of verification arises from the political relevance of the issue-area, the 
degree of mistrust on the willigness of actors to observe contractual obligations, and the 
available information level [Fischer et al. 19901. 
2 9 ~ h e  v rification suitability is basically determined by the physical and chemical features 
of the system. For example, emissions of greenhouse gases arise from well defined big, 
stationary, isolated sources, such as power stations and refineries, where continuous 
measurements and control can be implemented; many mobile sources (e.g. vehicles, cattle) 
where follow up of emissions is impaired by sheer numbers and the cost of implementing 
technical verification capability30 to measure representative indicators with appropriate 
accuracy and precision. Consider, for example, the disparate systemic and measurement- 
related features of international agreements on fisheries in international waters, pollutants 
dumped into the oceans, gaseous emissions delivered into the atmosphere [Fischer et al. 1990, 
di Primio 1992, Greene 1 9941. 
Compliance control must be concerned with every item contained in the reports on national 
implementation. The corresponding verification activities may be divided into two categories: 
i) those required to check whether the information reported by the parties is complete and free 
of errors, inconsistencies and om;ssions -labelled here as an exercise on validation; in 
addition, ii) those purporting to detect the extent to which parties have complied. To be 
credible, the results of verification should stem from activities performed impartially and 
independently. Therefore, a verification endeavor needs to be protected from political 
pressures as much as possible and empowered to conduct own research and monitoring, 
including audits and in situ inspections. 
Thus, ideally, two conditions should be met to attain an effective assessment of the parties' 
performance in keeping with their commitments, namely: the creation of a dedicated 
international institution within the international environmental agreement3' with the right to 
measurements; diffuse fields, at times the sum of many tiny, individual emitters, where 
emission measurements are difficult or impractible [Efinger 1991, di Primio et al. 1992, 
Mitchell and Chayes 19951. Howevsr, technological development of monitoring methods and 
equipment can solve some current problems. For example, remote sensing applied to quantify 
deforestation areas and rates, also to detect oil spills at sea; new optical sensors used for long- 
path monitoring of atmospheric pollution [Partridge 19901199 1 ]. 
30 In terms of the availability of appropriate methods, equipment, trained personnel, 
laboratories. 
" ~ n  the case of framework conventions, the establishment of a single verification body 
should be preferred to creating a verification agency for each protocol or amendment: the 
supporting argument is that a unique body commands an overview of the issue and thus 
fosters a more balanced assessment of policy priorities and implications. Similar 
considerations should apply to the institutionalization of IRMs. There are examples of both 
approaches, however: the current implementation review process of the LRTAP Protocols is 
the responsibility of just one institution, the Executive Body, to which the Implementation 
Committee created by the 1994 SO, Protocol will directly report. At difference, the Ozone 
regime has formally created two COPS, one for the Vienna Convention and other for the 
Montreal Protocol, to which its Implementation Committee reports. 
implement independent surveillance through monitoring and as~essment'~ 
The main functions of a verification agency can be summarized as follows: 
==> Be the recipient and depository of national implementation reports, as well as of the 
complete information used by the parties to prepare them. 
==> Be able to establish and operate its own monitoring and assessment system. 
==> Issue a periodic assessment of the parties' compliance with their commitments and 
report the findings to the supreme decision-making body. 
How would the specific tasks of such a verification agency look like i n  the present case? 
Since the verification system has to be tuned to the systemic features (verification suitability) 
of the issue-area, it is not possible to describe its activities in a general way. Unlike the 
pollution of land and water, atmospheric pollution stems from gaseous emissions of primary 
chemicals that are released and may be partially transformed into secondary compounds, all 
these substances becoming diluted in the atmosphere and dispersed by the winds. The final 
fate of these emissions depends basically on the atmospheric lifetime (residence time) of each 
species. On the one hand, sulphur and nitrogen compounds are quite reactive in the 
troposphere, their products of transformation and the primary pollutants as well have rather 
short residence times (up to a few days) and are efficiently returned to the ground by the 
processes of dry and wet deposition known as acid rain. Therefore, where monitoring is 
concerned, it is possible to measure concentrations of the chemical species not only in air, but 
also in  precipitation and on the ground. On the other hand, the atmospheric lifetimes of the 
typical greenhouse gases are much longer and there is no washing out of by-products through 
precipitation; also, the chemicals first identified as causing stratospheric ozone depletion are 
rather inert substances vis-a-vis tropospheric oxidants and are only dissociated through 
photochemical reactions in the stratosphere. Atmospheric concentrations of the two last groups 
of substances and their secondary products are all that can be directly measured. 
Since air pollution starts with gaseous emissions from a variety of sources, the immediate 
response to combat it is to reduce or eliminate emissions of primary pollutants, eventually of 
secondary products of their transformation. Emission inventories play a key role in the 
 his implies that the parties have to accept some limitations of their sovereignty in favor 
of the international system, so that an international agency can perform a set of well-defined 
activities in their territories (which is the case in  the nuclear field within the Non Proliferation 
Treaty). 
implementation of abatement measures". From the point of view of verification, emission 
inventories are the central element of a national declaration. 
In order to verify whether commitments have been fulfilled in international agreements 
addressing atmospheric pollution, procedures to check on the reported emission rates must be 
designed and applied. Some of these procedures form part of current IRMs, but 
complementary activities would be required (for example, establishment of international 
measurement networks and databases, in situ inspections) to get the information necessary to 
independently assess compliance. In addition, the implementation of national policies and 
strategies to control air pollution should be checked. This may be a cumbersome undertaking 
because of: i) the sheer number and diversity of alternative policies and technologies open to 
selection by the parties involved; and ii) the rather intrusive nature of the activities required 
to corroborate the reported information". 
In the case of the LRTAP regime, systemic features are more favorable for verification 
purposes than in the Framework Convention on Climate Change and the Montreal Protocol. 
A broad list of tasks to be performed by an international verification agency on long-range 
transboundary air pollution might look as follows: 
a. Get the methodology(ies) used by the parties to calculate national emission inventories. 
b. Get all data used by the parties to perform the calculations. Validate such data by 
independent means, e.g., using other measurements of emission factors, collecting additional 
activity data, applying (or developing) sectoral models. 
c. Check the reported emission inventories for completeness and reliability: this would require 
recalculation using information in items a. and b. above, eventually the procurement of 
complementary information (via e.g., use of porxys, agency retrieval or measurement of 
emissions at point sources, audits, in situ inspections). 
d. Look into differences and explain where they come from. 
 his is certainly the reasor for the large effort devoted to reach a reasonable 
international consensus on the design and application of methodologies for emission 
inventories. 
34 Unless extraordinary circumstances require an in-depth view, it appears that verification 
of national policies and strategies may be first confined to data gathering and evaluation, 
which will provide knowledge for performing a further check of emission inventories. 
e. Make comparative analyses of reported emission inventories with the results of 
recalculations as well as independent information on national, regional and global inventories. 
f. Get all the information on air quality determined at the EMEP stations and the results of 
its modeling exercises on long-range transport of air pollutants. Use statistical and other 
techniques to evaluate and compare results, in particular their link to reported emission rates. 
g. Get the national policies and strategies as well as abatement plans. 
h. Gather all data on implementation of strategies and policies for pollution abatement. 
Compare with results of above activities to verify inventories. 
i. Draft a quantitative assessment. To this end clarify previously any doubts with party(ies) 
involved. 
3.2. TFEI's Proposals on Verification of Emission Inventories 
As indicated in section 2.1.1.2., the first edition of the EMEPICORINAIR Atmospheric 
Emission Inventory Guidebook has been published [McInnes 19961. The chapter on 
"Procedures for Verification of Emission Inventories" is an extensive, valuable and well- 
documented discussion on verification, defined as "the collection of activities and procedures 
that can be followed during the planning and development, or after completion of an 
inventory that can help to establish (its) reliability for the intended applications". Further, it 
is stated that "the concepts of verification discussed are not intended to support the idea of 
compliance to norms or international protocol", the procedures proposed were conceived "to 
help inventory developers prepare high quality data for analytical purposes". However, the 
authors are clearly aware of the possible application of those activities to assess compliance, 
as it transpires from their discussion on the use of some elements to a political evaluation. 
The procedures proposed by the Expert Panel can be broadly arranged in two categories, 
namely: i) checks and comparisons to help improve the quality and transparency of emission 
inventories, and ii) methods best suited to establish their reliability. The first set may be 
summarily described as follows: once the methodology selected for the intended application 
has been documented and used, comparisons of the emission inventory with alternative 
estimates should be undertaken, if possible incorporating an assessment of the respective 
levels of uncertainty. 
The second category, "Ground Truth Verification", involves techniques to prove the reliability 
of the inventory via comparisons with known indicators, directly or indirectly related to the 
reported emissions. In this context, the verification procedures discussed are based essentially 
on the results of monitoring activities. The document gives details on techniques currently 
available, and contains most of the elements proposed to verify compliance in section 3.1. 
Attention is focussed on the uncertainty of emission inventories. The use of classical 
uncertainty analysis would be more the exception than the rule, since estimates stem mostly 
from calculations based on data from a reduced number of measurements; alternatively, expert 
judgments expressed in the form of data quality ratings may be better suited to provide 
assessment of bounds. 
The difference between TFEI's approach and the one discussed in the previous section seems 
to be in some way semantic, but it  goes deeper than that. It lies in that in this study activities 
purporting to confirm or ratify estimations have been labelled an exercise in validation, while 
verification has been identified with actions undertaken to establish trustworthiness: one thing 
is to compile a complete and reliable emission inventory, another quite different is to 
determine whether it represents the true situation. Validation can be done both by compilers 
and users of emission inventories, while verification is an endeavor of parties or bodies other 
than the party whose performance is beign assessed, in order to determine whether contractual 
obligations have been complied with. 
The above difference also bears on the respective assignment of responsibilities for the 
performance of monitoring and verification activities in the case in hand: according to the 
TFEI they should be done by the developers of emission inventories, the position sustained 
herein is that an international agency should definitely be in charge of checking all the 
information contained in the national reports, i.e., emission inventories as well as the 
implementation of national policies and strategies for emission abatement. 
4. Discussion and Conclusions 
The principal elements of the LRTAP IRMs are: i) the reporting obligations; ii) the national 
reports on emissions, policies and strategies, including the data used for calculating 
inventories; iii) EMEP's monitoring and modeling activities; iv) certain functions of the 
Secretariat, in particular, the preparation of annual reviews and four-year major reviews; v) 
the yearly implementation review at the meetings of the Executive ~ o d y ~ ' .  
A survey of the specific actions undertaken by EMEP on data collection, collation, assessment 
and use has been presented. It is important to realize that the huge amount of data produced 
throughout Europe does not necessarily constitute a complete and reliable set. EMEP's 
endeavor to gather and process such an information flood and, in so doing learning how the 
initial approaches need to be changed andlor extended in order to cover the whole field and 
reach high quality standards is the core of a monitoring system which has no precedents in 
the environmental field [Sand 199Cl. 
The study involvement with details of EMEP's activities proved to be essential to elaborate 
on the data actually available, their reliability and the uses they are and might be put to work. 
In addition, it irresistibly led to judgements on some related matters. 
4.1. Are the Current IRMs Useful Tools to Verify Compliance? 
The central question that set off this study was whether the data accumulated through the 
workings of IRMs in environmental agreements could be used for verification of compliance. 
This question has two main aspects, namely: 1) whether the institutional activities and the 
data available are sufficient, and 2) whether the institutional arrangements are appropriate. 
1) A large effort on emission estimations has been a principal ongoing task under the LRTAP 
Convention. This activity has been continually accompanied by questions about the reliability 
of emission inventories and the uncertainty of estimations. The relevance of those issues is 
"The implementation review at the EB ordinary meetings appears to consist in a perusal 
of the reports drafted by the Secretariat, basically to give parties the opportunity for 
modifyinglenlarging their contributions. No analysis of compliance seems to be undertaken 
at the meetings. The dispute-settlement mechanism of the Convention and its Protocols 
currently in force has never been used. 
clearly revealed when different methodologies are applied to compile an emission 
inventory36. To help correct the situation, an important decision to unify the methodology 
through collaboration was made by the UNIECE and the EU, and instrumented by EMEP and 
the CORINAIR Project. 
Students of international environmental regimes coincide in the assessment that the LRTAP 
Convention and its Protocols constitute a high compliance regime [e.g. Sand 1990, Levy 1993, 
Wettestad 19961. This assessment is essentially based on the evaluation of official emission 
data. However, there is no clear indication that all the data is equally reliable, and that parties 
have consistently delivered all the information used in  the calculations together with the 
corresponding emission inventories. Even if they have done it, there is no direct evidence that 
such information has been used to validate emission inventories. Up to this day, a proposal 
for data emission validation made by the TFEI (see section 3.2.) has yet to be implemented. 
A careful analysis of emission time-series published at different times shows: 
i) On the one hand, there are parties who seem to continuously upgrade their emission figures, 
the data show slight variations in the course of time; in general, emission reductions are not 
steady, there are ups and downs that appear to correlate with known social and economic 
variations. Most of these parties ha1.e been largely involved in developing their own methods 
to estimate emission inventories. The sum of these features suggests that the reported data has 
a high confidence level. 
ii) On the other hand, some data can be questioned because time-series are overtly 
incomplete, andlor show constant rounded figures for long periods, and/or consider as 
provisory emissions for previous years, perhaps indicating the adoption of a new methodology 
in current calculations but no revision of previous reported data. 
The situation briefly described does not mean, however, that there are serious reasons to 
suspect an intention to deceive; EMEP's assessments at meetings and workshops indicate that, 
in general, the uneven quality of the data is mostly due to lack of infrastructure at some 
quarters, in some cases to domestic political and economic hindrances. But the uncertainty 
thus introduced unfortunately affects the entire endeavor and is sufficient to cast a doubt on 
the reliability of the database. 
 his his has been analyzed in the case of CO, emissions from fossil fuels combustion [von 
Hippel et al. 1993, di Primio 19931. 
A cautionary statement is appropriate at this point: even under conditions of perfect (i.e., 
complete, high-quality and timely) reporting, the consistent application of the same 
methodology by all parties does not much improve the chances for verification of compliance. 
Here is an example of verification suitability: since verification is always ex post facto, there 
is no way to be sure that the reported values are correct, short of continuous measurement of 
all sources in the period under consideration. However, a common methodology is a big step 
forward, fostering consistency and making comparative analyses meaningful. 
The measurement program of chemical species in air and precipitation delivers useful 
information for verification purposes. EMEP's permanent attention to the need of increasing 
sampling sites and improving data reliability via the quality assurance program 
notwithstanding, still some problems remain: i) the sampling station network is not dense 
enough to cover the whole EMEP area, nor is the siting of the sampling stations always 
appropriate; ii) methods for sampling and chemical analyses are not homogeneous from 
country to country so that the data delivered are sometimes open to question; i i i )  not all 
chemical species included in the measurement program are analyzed in all laboratories, and 
data on those which are analyzed sometimes do not cover a significant part of the period of 
interest. All these factors have resulted in discarding a more or less significant part of the data 
in studies on deposition trends and comparisons with model results; in both cases, seasonal 
and yearly mean values are generally used to minimize the effect of local climate variability. 
Of course, EMEP is well aware of the necessity to remedy a situation which basically 
depends on the willingness of the parties to increase investments. In spite of the existing 
conditions, EMEP's statistical analyses are instrumental in showing clear qualitative trends 
(e.g., a slow, long-term decrease of acidity in precipitation) in line with those resulting from 
the evaluation of emission time-series. 
The modelling exercise is a complex and challenging undertaking. In principle, neither the 
mathematical formulation of the problem is completely satisfactory, nor are all the inputs 
known or trustworthy, so that no model is able to fully reproduce a past situation. What has 
been strived for with considerable dedication, however, is to attain an average representation 
of the long-range transport problem for rather large periods of time, from seasons to years. 
The real validation of the model would be a satisfactory agreement with the measured 
concentrations in air and precipitation: this has been explored by looking at the differences 
between the respective seasonal or annual mean values. The approach gives an indication of 
the possible origin of discrepancies. Model results have increasingly shown a fairly good 
agreement with observations for annual averages, which is in some way surprising in view 
of the compounded uncertainty from input and model shortcomings. This suggests that, on 
the average, the model is robust and able to reproduce the general features of the phenomena. 
The main consequence is that the parties accept model results, i n  particular the country- 
allocation matrices as a measure of one state contribution to depositions elsewhere and as a 
guide for the design of abatement policies and strategies. 
A detailed description of the modeling approach does not help much to understand the 
contribution it makes to the review process. Model runs exploring the effect of inputs changes 
have shown how far results are sensitive to the completeness and quality of emission data. 
Comparison of calculated and measured concentrations have pointed into shortcomings of the 
extant sarnpling station network. Thus, the modellers critical assessment of the sources of 
basic information is an important contribution to the strengthening of EMEP's monitoring 
activities. 
2) In what concerns institutions, the LRTAP regime has taken advantage of existing national 
institutes with long tradition and high scientific standards to prepare the information required 
for the implementation review. While those centers are no international institutions, they 
indeed enjoy international standing. This situation does not meet, however, one of the 
conditions postulated in  section 3.1 to guarantee the verification agency's neutrality and 
independence. In practice, the establishment of an international verification agency has only 
been accomplished in multilateral arms control agreements (e.g., the nuclear Non Proliferation 
Treaty). 
The second condition, namely ownership of monitoring and assessment capabilities, has also 
not been implemented. Monitoring is coordinated by EMEP but it takes places at national 
sites and laboratories. This has forced EMEP to establish the quality assurance program to 
follow the performance of the sampling stations and the analytical laboratories. At present, 
it is difficult to visualize whether from EMEP's measurement network a truly international 
monitoring system would ever evolve, i.e., one that uses national installations and capabilities, 
but also has independent surveillance and analytical means. 
In conclusion, as part of the LRTAP regime EMEP developed key elements of the IRMs to 
follow the parties' implementation. They constitute a ripe monitoring and evaluation system, 
which can provide a sound basis for a practical start towards verifying compliance with 
commitments under the LRTAP regime. However, it has never been used to that end. 
After about 15 years of reviewing implementation a number of key people (mostly senior 
members of the "epistemic community" [Haas 19921) are undoubtedly aware of the parties' 
level of compliance. Although this constitutes a valuable asset in the decision-making process, 
it does not reach full potential because it constitutes a knowledge in petto of a select minority. 
But knowledge limited to an elite strongly reduces its deterrence value. It may be concluded 
that well established IRMs (and verification systems) will gain on effectiveness if their 
findings are made accessible to the public. 
Current IRMs of the LRTAP regime provide a necessary but not suflicient part of the 
information required to implement an independent monitoring and evaluation capability. This 
qualification refers both to the amount and reliability of data that would be needed to say 
something definitive about compliance and to the institutional structure necessary to perform 
the tasks. 
The 1994 SO, Protocol explicitly addresses compliance37, an Implementation Committee will 
be appointed as soon as the agreement comes into force. One can expect that the shift from 
IRMs typical activities to verification of compliance will require additional steps, both of 
quantitative (more data, new tasks) and qualitative (political decisions on regime and 
institutional structure) nature. Such evolution may pave the way towards a greater 
internationalization of institutions [see SzCll 19951. 
4.2. Evolutionary Trends of the LRTAP Regime and Its IRMs 
The evolution of the LRTAP regirne has been extensively treated in the literature [see, for 
example, Nordberg 1992, Wettestad 1996, Levy 1993 and 1995, Gehring 19941. The 
development has mainly been guided by the continuous search for scientific evidence in the 
issue-area. Scientific activities cover an ample spectrum of basic and applied research, e.g., 
consideration of further pollutants, development of the critical loads approach, selection and 
recommendation of abatement technologies. 
The increase in knowledge has been used to extend the regime's scope and shape 
commitments, thus influencing the establishment of abatement goals and of research priorities. 
In the course of time protocols covered more terrain and gained "more teeth": initially 
focussing on the substances firstly identified in acid rain, later addressing chemical precursors 
3 7 ~ o  the question why the issue of compliance -that apparently has been brewing for a 
long time- was brought into the open after many years of quiet build up of an adequate 
monitoring and assessment system, a LRTAP experienced high official answered that a 
favorable political situation was required to start a frank discussion. That situation appeared 
in the early 1990s with the end of the Cold War. 
of photoxidants, more recently considering heavy metals and persistent organic compounds 
as the next candidates for regulation. The scope of a regime created to determine the extent 
and to understand the reasons and effects of acid rain has been expanding to include 
interactions and effects of other air pollutants that are detected far away from their sources. 
The regime settled the basic requirements to examine the parties behavior. The evolution of 
the LRTAP IRMs has been fostered by the parties' desire to know more about compliance, and 
shaped by the growth in depth and extension of work on emissions, measurements of air 
pollutant concentrations, and the application of atmospheric transport models. Their formation 
and growth led to a better grasp of national implementation performance and contributed to 
expand the scope of the LRTAP regime38. 
Still, it would be debatable whether the entire process of tightening up the regime resulted 
from the incorporation of new legal instruments as time went by or, conversely, the provisions 
on targets, timetables, reporting duties, etc., were introduced because of the increasing 
knowledge provided by the activities of the Convention's bodies. The appropriate view may 
be that both interpretations are pertinent since there has been considerable interaction and 
feedback during a long learning process. One may conclude that "monitoring and reporting 
(have) served the dual objectives of tracking compliance and of furnishing information for 
adjusting the standards set by the international legal instrument" [Sachariew 19911. 
4.3. Lessons Learned and Their Applicability to Other Cases 
Why can LRTAP IRMs be regarded as a success? 
First, because the regime's systemic features are quite favorable: acid rain can .be measured, 
i t  can be sensibly reproduced in models, some of its effects can be seen and evaluated. 
Second, because of the way IRMs have been institutionalized. Responsibilities are clearly 
defined: the chain of authority starts at the Convention level with the Executive Body 
assuming the overall decision-making power, the IRMs are centrally coordinated so there is 
no room for overlapping competences. That has increased the effectiveness of the IRMs 
operation, avoiding confusion and speeding up the decision-making process. 
" ~ n  this context, the North-American situation is exceptional. Both the United States and 
Canada are parties to the Convention, Canada is party to the two Protocols currently in force 
while the USA is only a party to the NO, Protocol. In spite of regular and thorough 
exchanges between North American and European parties on technical and general policy 
matters, the application of IRMs has been limited to the European area under EMEP. 
The IRMs structure that has been achieved is consequence of a combination of those features, 
but also from specific circumstances such as: the limited number of parties with a common 
tradition; the comparatively high economic, scientific and institutional levels of the more 
industrialized parties; the willigness to collaborate extensively among themselves and with 
others. 
However, the acquired knowledge is not applicable in toto to other cases of atmospheric 
pollution. For instance, the implementation of effective IRMs in  the Framework Convention 
on Climate Change (FCCC) would be, in principle, more difficult, because pollutant 
measurements would be essentially confined to atmospheric concentrations which, in turn, 
cannot be linked to reported national emission rates39. 
Certain features of the institutional approaches that have evolved in the LRTAP regime may 
be helpful in the process of establishing the FCCC IRMs; in particular, the way institutions 
have been incorporated within the international domain of the convention. At this early stage 
of the FCCC, still with no Protocols determining abatement standards, targets and timetables, 
its Subsidiary Bodies and the Secretariat have begun the orderly processing and evaluation 
of national reports on greenhouse emission inventories. In light of the LRTAP experience it 
seems appropriate to suggest the convenience of rapidly creating an international agency for 
coordinating, and eventually perform some activities to monitor implementation, in a way and 
position similar to the one EMEP enjoys in the LRTAP regime: this shall start a process 
conducive to the creation and installation of FCCC IRMs. 
39 The key issue here is the respective residence times of the species under consideration. 
CO, emission source allocation is limited to North-South hemispheric imbalances. In the case 
of acid rain, modeling allows to relate emissions with atmospheric concentrations, and a view 
of countries' contributions to depositions elsewhere. 
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Figure 1. LRTAP organizational structure. Source: UNIECE Secretariat, 1995. 
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Created in 1991 to develop a methodology to prepare emission inventories for European countries 
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The Expert Panel Emission Projections was incorporated at a later date 
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Figure 3. EMEP sampling network in 1993. Source: DOVLAND 1993. 
Figure 4. Trends in sulphur dioxide concentrations. Source: Hanssen et al.,l990. 
Figure 5. Changes in the yearly average concentrations of sulphur dioxide 1980-1 987 
Computed from Sen's slope estimator. Source: Hanssen et a/., 1990. 
Figure 6.  Mean concentrations of sulphur dioxide in air for different directions of 
arriving trajectories, 1983-1987. Source: Hanssen eta/., 1990. 
Figure 7. The ENlEP grid. The polar stereographic projection is applied. The side length of a 
square is 150 km at 60°N. Pollutants are followed in the whole domain. Resulting concentrations 
and depositions are obtained at the 33 ' 35 receptor squres of the rectangular subgrid. 
Source: TUOVINEN et.al., 1994 




TABLE 5 
SUB-TOTAL 16254 
EUROPE UNDER LRTAP 
Notes 
13456 
a/ Figures apply to the FRG as prior to 1989 --- 1993 figure is for unified Germany 
1 / Figures between brackets are inter- or extrapolations from nearest reported year 
52897 
10394 
42297 
17 
28788 
-36 
-20 
-23 
-46 -32 
TABLE 6 
- 
TABLE 7 
TABLE 0 
TABLE 9 
Table 10. Summary of the EMEPIMSC-W emission data for SO, NO, and NH,. "Low" and "High" 
refers to the height separation of emissions (LPS = Large Point Sources). "Valid" denotes the year 
of the most recent grid data received and "Rep." when these data were reported to EMEP. 
' The former Yugoslav Republic of Macedonia. 
2The former Yugoslavia excluding Bosnia and Herzegovina, Croatia, Slovenia, and 
FYR Macedonia. 
Table 11. Deposition of Oxidised Sulphur 1990 [I 00 tonnes as 51. Source: Tuovinen et a/., 1994. 
E M I T T E R S  
AL AT BE BG CS DK F I FR ... SUM 
103 0 0 30 7 0 0 2 . . . 315 
0 115 17 4 223 1 0 61 . . . 1454 
0 0 425 0 1 1  1 0 117 885 
10 2 2 2395 55 0 0 4 3406 
0 24 28 13 3096 4 1 60 5843 
0 0 15 0 18 100 1 19 547 
0 1 8 2 39 14 382 12 1659 
0 3 185 2 98 4 0 1959 4753 
311 302 1879 5543 8826 703 943 4763 ... 1571 81 
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